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(jhNHKAi. Riiponr K)K 19 ^ 7 . By Sir Edwin Pascoe, M.A.. 
Sc.D. (Cantab.), D.Sc. (Lond.), F.G.S., F.A.S.B., 

Director, (jeological Survey of India. 

DISPOSITION UST. 

D UKINO the period mider report the otticera of the Depart¬ 
ment were e-iiiploycd as follows :— 

Su'perinfendent'i. 

Dr. L. Ij. Fkumor Placed in charge of office till the 19th 

April. Acted as Palajontologist from 
the 0 th April to the Slst July 1927. 
Placed in charge of the Central Pro¬ 
vinces and Central India Party and 
also temporarily of the Bihar and Orissa 
Party. 

t)ii. G. £. P 1 I 4 GRIM Acted as Falseontologist till the 5th April 

1927. Left for the field on the 3rd 
April 1927 and returned on the 20th 
July 1927. Kexnained at headquarters 
and acted as Palaeontologist from the 
1st August 1927. 

B 
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Mu. G. fl. Tippjcr llcturned from the field on the 25th 

h’ebriiary 1927. Granted combined 
leave for two years and four months 
with effect from the 6th May 1927, and 
])erniitted to retire on the expiry of leave. 

Dr. G. df 1*. CorrER Returned from the field on the 14th 

March 1927. Granted combined leave 
for <;ight months from the 28th March 
1927. Returned from leave on the 
Ifitli November 1927. IMa< e<l in cliarge of 
the Punjab Paity ; left for the field on 
the 23r(l November 1927. 

Dr. ,1. Gougin Brown Granted leave on average pay for seven 

montlLs and twenty-five days with 
effect from the Ist April 1927. lt<;- 
turned from leave on the 7th Novem 
ber 1927 ; placed in charge of the 
Burma Party. 

Mr. 11. Oeotl Jones Returned from the held on the 9th April 

1927. Granted combined leave for 
ten months and seven days with 
effect from the 6th May 1927. Per¬ 
mitted to attend the meeting of the 
Second Empire Mining and Metal- 
lurgic*al Congress held in Canada in 
August 1927. 

sistnnt Swperintendenis. 

Mb. 11. Wai^ker . . Retired from service with effect from the 

16th March 1927. 

Dr. a. M. Heron . Returned from the field on the 3rd Febru¬ 
ary 1927. Granted Study leave for 
nine months with effect from the 12th 
February 1927, Returned from leave 
on the 7th November 1927. Placed in 
charge of the Rajputana Party and 
left for the field cn the 2Ist November 
1927. 
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llctunied from the field on the 0th June 
1927. Left for the Giridih coalfield 
on the 12th July and returned to head¬ 
quarters on the 16th. Placed in 
charge of the Coalfields Party, Left 
for the field on the 1st October 1927. 


Mr. H. (/Uookshank 


Mr. G. V. Hobson 


Mu. E. li. G. Clk(!0 


Granted leave on average pay for six 
month.s and eleven days ; availed himself 
<if the same with effect from the Pith 
April 1927 from the field. Re¬ 

turned from leave on the 22nd Oe.tober 
1927. Attached to the Central Pro¬ 
vinces and (lentral India Party and 
left for the field on the 7th November 
1927. 

Returned from leave on the 6tii Novem¬ 
ber 1927. Aitaehcd to tJic Coalfields 
Party and left for the field on the 2.‘kd 
November 1927. 

Acted as (hiiator of the (loologieal Mu¬ 
seum ajid Laboratory till the I9th April 
1927. Placed in charge of office from 
the 20th April 1927. 


Rao Rahaduk »S. {Sjotiiu Returned from the field on the 1st May 
Rama Rau. 1927. Attached to the Coalfields 

Party. Left for t.ne field on the 15th 
November 1927. 


Rao Haiiai>ur M. Vina- Returned from the field on the 5th Msy 
YAK Rao. 1927. Detailed for the investiga¬ 

tion of the manganese occurrences in 
the Belgaum and Kaiiara districts of 
the Bombay Presidency and thereafter 
for the continuance of the survey of 
the North Arcot and 8alem districts 
in the Madras Presidency. Left for the 
field on the let November 1927. 
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Mr. K. J. BRAtASiiAVV Attached to the Burma Party ; re¬ 
mained ill Burma throughout the period. 
Placed temporarily iu charge of the 
Party during the absence of Dr. Coggin 
Brown on leave, 

Mr. a. L. Coulson Ueturned from the held on the Ibth April 

1927. Acted as Curator of the Geo¬ 
logical Museum and Laboratory from 
the 2t)th April to Slat August 1927, 
Derailed for the inve.stigation of the 
hill shjpes around Alaiiii Tal. Left 
for tlie field on tli(' did Septombei 
and Tidurned to hojuhpiarteis on the 
loth October lu27. Appointed Cu¬ 
ra i or of tlie Geological Museum and 
Laboratory from the J2th October 1927. 

Mr. D. I\. \Vat)TA Itetumcd Irom leave on the 3rd Novem¬ 

ber 1927. Attached to tlic Punjab 
Party ; left Idr I lie Jicld on the 18tb 
No\ ember 1927. 

Dr. J. A, Dunn • Beturned Irom the held on the 2lHt April 

l!e27. Attached to the Bihar and 
Oi issa Party. Left foi the field on the 
30th October 1927. 

Mr. C. T. Barhuk, Bemaincd in Buinia tliroiighoiit the pc- 

liod as Bchident Geologist at Vmuin- 
gyaiing and ohiiaal member of the 
ycaiangyanng Advisory Board. 

Mr. E. It. Grk , Returned from the field on the 14th 

Maich 1927. Granted combined leave 
for seven months and twenty-four days 
with clTect from the 18th March 1927. 
Returned from leave on the 22nd Octo¬ 
ber 1927. Attached to the Coalfields 
Party ; left for the field on the 1st 
November 1927. 
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Mr. W. D. West . 

AfR. A. K. Banerjj 


Hr. M. S. Krishnan 


Mr. P. Leicester 

Ur. 8. K. Okatterjee 


Mr. J. B. Auden . 


General liepori for 1927. 0 

. Returned from the field on the 11th July 
11)27. Remained at headquarters 
during the rest of the period under 
report. 

. Returned from the held on the 7th May 
11)27. Acted as Curator of the Geolo¬ 
gical jMn.seum and Laboratory from the 
Ist fSeptember to the lltli October 
ll>27. A tl ached to the Coallields 

Partv ; lelt for the held on the Ifit 
■/ 

Movember 1027. 

. Returned Irom the lield on the -Ith May 
1027. .Services placed at the disposal 
of the Department of Education, 
Flealth and Lands for a period of foui* 
months with eileet from the 1st July 
1027. Attached to the Bihar and 
Orissa Party ; left for the field on 
Ihe 15th November 1927. 

Attached to the Burma Party , remained 
in Burrnji throughout the period under 
report. 

Returuod from the field on the 29th April 
1927. Granted leave on average 

pay for twenty-four days with effect 
from the 4th May 1927. Returned 
from leave on the 2!^th May 1027. 
Attached to the Central Provinces and 
Central India Party ; left for the 
fi(*ld on the 7th November 1027. 

Returned from the field on the 13th April 
1927. Attached to the Coalfields 

Party; left for the field on the 3rd 
November 1927. 
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Mr. V. P, Son I‘HI Attachod W the Burma Party; remained 

ill Huniia throiigliont the period uTifh'r 
report. 

Mr. H. H. (Iijit.v Appointed AasiKtaut Suporiiiteiident. Geolo¬ 

gical Survey of India, with effect from 
the 1st November 1927. Attached to 
the Burma Party. 

Chennsi. 

Dr. W. a. K. CiiRr.STiK . Ai headquarters. 

Ai’hst. 

Mr. K. F. Wa'I’Kinsov . At lieadqijarter.s till the 10th July 

1927. Granted leave on average pay 
for two mouths and liftcen days with 
effect from the 11th July 1927. B.e- 
turned from leave on the 26th Sep¬ 
tember 1927. Remained at headquar¬ 
ters during the rest of I he period under 
report. 

Sab-Assistanis. 

Mr. B. B. Gtippa , . Attached to the Burma Party. Promot¬ 

ed to the gi’adii of AflSLstant Superin¬ 
tendent with effect from the Ist No¬ 
vember 1927. 

Mr. D. S. BuATTArnAR- Returned to headquarters from field work 
JT. in the Central Provinces on the 6th 

May 1927. Attached to the Central 
Provinces and Central India Party; 
left for the field on the 10th Novem¬ 
ber 1927. 
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Mr. B. C. (jiTnrrA , Returned to headquarters from field 

work in Rujpntana on the 2nd May 
lh27. Granted leave on average pay 
for eighteen days with effect from the 
12th September lf)27 and ^permitted 
to afiix the Piija holidays.Returned 
from leave on the 12th October 1927. 
Attached to the Rajputana Party; left 
for the field on the 17th November 1927. 

Mb. If. M. TiAHiHi . Returned from field work in the Punjab 

on the Ist May 1927. Granted leave 

on average pay for three months and 
eleven days with effect from the 4th 

May 1927- Returned from leave on 
the Ist August 1927. Attachetl to the 
Punjab Party; left for the field on the 
1st December 1927. 

Mr. L. A. Narayana Returned from field work in Bihar and 

Iybr. Orissa on the 4th April 1927. Granted 

leave on average pay for two months 
and seven days with effect from the 6th 
April 1927. Returned from leave on 
the 13th .Tune 1927. Granted combin¬ 
ed leave for two years with effect from 
the 12th September 1927. 

Mr. P. N. Mukkujke , At headquarters till the 11th October 

1927. Granted leave on average pay 
for seven weeks with effect from the 
12th October 1927, Returned from 
leave on the 30th November 1927. Re¬ 
mained at headquarters. 


Assistant, (Jiiraior. 


P. C. Roy 


At headquarters. 
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Field VoUeeiors 

N. K. N. Aiyengak lleturued l-o hoadcjuarttirti alter collectiou 

of specimens from the Punjab and Raj- 
putana on the 21st April 1927. 
Granted leave on average pay for two 
montlus with effect from the 16th May 
1927. Remained at headquarters. 

.\. K. Dky Returned to lieadquarters afler colleetion 

of Hpe<djnei)s from Madras on the 17th 
May 1927. Detailed for the <'oI[r<’ 
hon of speeimejis in Rom bay. Left 
lor th*’ fK’ld on the 22nf1 November 
1927. 


Muscuni Assistants. 

AuRTfN. M. N. At headquarters. 

Ghosh. 

D. GuKr.v At Headquarteis till the 11th October 

1927. Granted leave on average 
pay for one month and twenty-eight 
da}^s with effect from the 12th October 
1927. Retinnod from leave on the 
10th December 1927. Remained at 
headquarters. 


The cadre of the Department continued to be G Superintendents, 
22 Assistant Superintendents and one Chemist. Of the two vacancies 
in the grade of Assistant Superintendent, including the one caused 
by the retirement on pension of Mr. H. Walker, one was filled 
during the year. 
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l)r. C. 
from the 

Froinotioii 

poiiitnicnls. 


fcj. Fox was appointed to olHciate as ISuperiiitendont 
28tli Mardi 1927 to the 15tli November 1927 vice 
Dr. G. dc P. Cotter on leave, and again from 
and ap- November 1927 onwards ivVr 

Mr. H. (3. .loiies on leave. 


Dr. Heron was appointed to olficiate as Su[)erinteiident from the. 
7tli November 1927 vice Mr. G. 11. Tip]>cT on leave. 

Mr. Fi. L. G. Clegg was uj)poiiited to olficiate as Siij)erijitendcnt 
lioin the 201 h April to the Gtli Noveml)(‘r 1!>27 vice Dr. J. Coggin 
ibown on leave and again from tlie 7lh 1o the l.olli .November 1927 
nee Mr. H. C. Jones on h.'ave. 


Mr. J'h L. (1. Cd('gg ,'i(*h;d as (.'urator, Geulogieal Miiseimi arid 
Laboratory till Ihe 19th A])ril 1927. Mr. A. L. ('onlson acted as 
Curator lill the 31st AugusI 1927, when liis <liitles weie taken over 
by Mr. A. K. Banerji. The latter oMic('r was relieved by Mr. A. L. 
(^onlson on the 12th October 1927. 


Dr. G. E. Pilgrim acted as Palaeontologist till the 5th vVpril 
1027 when he was relieved by Dr. L, L. Fermor. From the Ist 
August 1927 Dr. Pilgrim again acted as Pa!a)outologist. 

Mr. ]'. Leicester and Dr. S. K. Chatterjee have been confiiined in 
their a, pointments as Assistant Si perintendents. 

Air. B. B. Gupta, Sub-Assistant, was promoted Assistant Superiii- 
tmidcnt with elTect from the Ist November 1927. 


Mr. IT. Walker, Assistant Superintendent, retired from the 
KcUreiiii-iit. service with effect from the IGth Alarch 1927. 


Mr. G. 11. Tijiiier was granted combined leave for two years and 
four months mth elTect from the Gth ATav 

l.enve. 

Dr, G. de P. Cotter was granted combined leave for eight montlis 
with cfi'ect from the 28th Alarch 1927. 

Dr. J. Coggin Brown was granted leave on average pay for seven 
months and twenty-five days with effect from the 1st April 1927. 

Mr. IT Cecil Jones was granted combined leave for ten months 
and seven days with ellect from the Gth May 1927. 

Dr. A. AT Heron was granted study leave for nine months with 
effect from the 12th February 1927. 

Mr. H Crookshank was granted leave on average pay for six 
months and eleven days with ellect from the 13th April 1927. 
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Mr. 0. V. Hobson was fp*anted an extension of leave for thirty- 
five days with ciTect from the 7th October 1027. 

Mr. R. 11. Ooe was jj;ranted combined leave for seven months 
and twenty-four days with effect from the 18th March 1027. 

Dr. »S. K. Ohn,tterje<* was ^ranted le^ave, on av(;raj;e |iay for tw<mty- 
fotir days with effect from the 4th May 1027. 

Mr. K. F. Watlcinson was granted leave; on average pay for two 
months and fifteen days with effect from the 11th duly 1027, 

Mr. B. C. (TU]>ta was granted leave on average pay for eighteen 
days with effect from the 12th vSeptember 1927. 

Mr. II. M. Lahiri was granted leave on average pay for three 
months and (deveii days with effect from the 4th May 1927. 

Mr. L. A. Narayaria Iyer was granted leave on average pay for 
two months and seven days with effect from the 6th April 1027 
and was again granted combirnul leave for two years with effect 
from the 12th September 1927. 

Mr. ]\ N. Mnkerjee was granted leave on average pay for seven 
weclrs with effect from the 12th October 1027. 

LECTURESHIP. 

xMr. K. L. G. Clegg continued as Tiecturer on Geology at the 
Presidency College. Calcutta, till the iUst October 11)27 when he 
was relieved by Mr. A. L. Coulsou. Dr. M. S. Krishnan acted as 
a wbol(‘time lecturer on Geology at the Forest College, Dehra 
Dun, for a period of four mouths from Ist July 1927. 

POPULAR LEC'IURES. 

A popular lecture on “ A Geological Excursion to the Canary 
Islands ” was delivered in the fiidian Museum by Dr. L. L. 
Fennor during the year. 

LIBRARY. 

The additions to the Library amounted to 4,628 volumes of which 
1.215 were acquired by purchase and 3,413 by preseutation and 
exchange. 

^PUBLICATIONS. 

The following publications were issued during the year under 
report:— 

1. Records, Vol. LTX, part 4. 

2. Records, Vol. LX, part 1. 
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3. R(‘oords, \'ol. liX, pait 2. 

4. Rofords, Vol. LX, pari 3. 

5. Polmontologia [ndica. X<*\v Sorios. Vol. VTl, Memoir No, 3. 

0. Palaponiolo^^ia Indira, Ne\\r Heries, Vnl. IX. Memoir No. 2, 

Pari T. 

7, Palft'oniologii), Indioa, New Series, Vol. X, Memoir No. 1. 

8. Paheontologiii Jndica, New Surie»s, Vol. X, Memoir No, 2. 

0. P.ilflionioIo.<<iii Jndica, New Series, Vol. XIV. 


MUSEUM AND LABORATORY. 


Staff. 


Mr, R. Ij, G, Clegg was (curator of ihe Geological Museum and 
Laboratory from the beginning of the year under report until the 

lOtli April. On the 20th April he was re¬ 
lieved by Mr, A. L. Ooulaon who remained in 
charge until 3l8t August. Mr. A. K. Banerji assumed the duties 
from the Ist Septomber to 11th October and from the I2th October 
Mr. A. L. Ooulson again resumed charge. Babu Purna Chandra 
Koy remained Assistant Curator throughout the year and Babns 
Austin Manindra Nath Ghosh and Dasarathi Gupta fu]tille<l the 
duties of Museum Assistants. During the absence of Babu Dasa- 
ratlii Gupta on leave, his duties were teuiporarily performed by 
Babu Nabago])aI Gupta. Bal)u Li^kJi Raj continued to act as Chemi- 
('al Assistant to the Burma Party, Rangoon. 

After his return from leave on the 2nd January, Dr. W. A. K. 

Christie continued hia duties as Chemist throughout the year, 

remaining at headniiariers for the whole pe- 
Clicinist. . j ^ 

nod. 

The number of specimens referred to tlie Curator for examination 
and report was 676 of which assays and analyses were iuade of 40. 

The corresponding figures for the previous year 

aiid^Analyscs'^*^ ''^ *'^** respectively. Chemical work 

included analyses of gases, waters, coals, lime¬ 
stones, manganese ores, sillinuinite-rocka, pyrrhotite, gedrite, juddite, 
gneiss, calc-gneiss and quartz-magnetite-rock. 

A collection of 160 well-preserved beautiful beadsr—not included 
in the above figures—was submitted for examination by the Archaeo¬ 
logical Survey of India. These were found 
Beads from Moheiijo recent excavation work at Mohenjo 

’ Daro, in Sind, and are considered to be be- 
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tween - l , r ><>0 and r ), 0(.)0 years old. The skill of the lapidary shown in 
the making of t]io hejols so as to bring out their full beauty indicates 
a Hur])ri.singl\' advanced stale of cultural dev(‘lopment. The hearts 
arc mostly <d‘ agate, agate-jasper, jasper, onyx, bloodstone, amazon 
stone. chalc(*(lony and j.ul*. The writer is preparing for tlie 
Archteological Survey ji note upon the sources of the minerals found 
at Mohenjo Daro 

A flpecimeti from near Jogipalli Shrotrie.iu (M ’ 12' : 71)'^ 14') 
in the Madras Presidency has been identilied as one of the galmite 

V o 

g'cup of zinc-spijnds, a group of vi'ry une<»ni- 
inoii o(*currf‘n(*e in India. 

Hilling Hi*’ y«‘ai ;m inventory wms taken ot tfu’ iimnber of 

'.pfeiiiji’Us exhibited and stored in the. •’'^illec- 
theological Survey of India. The 
Hulls. following (igui'es ;ire of interest.* 


— 

'I’ot.ll NlliMbf’l*. 

Number 
exhibik'd 
lU tll(' 

.Minerals fn'ni n ])Oin( of 

view. 

ii.yiio 

4,220 

Alinerals inteiv.‘ifiD |2 fru/n *in ecuiiwmir 
view. 

4,690 

4,690 

Meteonn-H ....... 

i>88 

1 588 

liockti ........ 

4 4,160 

3,730 

fossils—Vcik'l)i ate ..... 


3,270 

foaeila-- Invortobrato ..... 

197,270 

47,390 

Duplicato rocks and minerals arranged in sots 
ft»r educational pui’iiows. 

14,950 

• • 

'roTAr.s 

:100,398 

64,388 


During the year under review, collections of minerals were 
Donations to Mu* prt^stiuted tr> the under-mentioned institu- 
scuins, etc. tious :— 

1. Department of Commerce, University of Allahabad. 

2. Department of Botany, St. John’s College, Agra. 

3. ]\Iineral Department, British Museum (Natural History). 
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■1. Geological Survey of South .Africa. 

5. University of Calcutta. 

6. Agricultural College, Lyallpur. 

In addition tlu^ above, the following specific presentations 
were made:— 


1. Corundum to T. V^. M. Kao, ICsq., Geology Department. 

Imperial College of Science and Technology, London. 

2. Talchir boulders to Prof. E. \V. SkeaCs, University of Mel- 

boinne. 

‘k GI.iSH-making materials lo lie; Principal. 'recl>nologicii.l In¬ 
stitute, (!a\nipore. 

I P>aiixito to J. K. Chaiidhnry, I0s((., Header o( (■heini.stry, 
Dacca University. 

o. Uturmaline to the Indian Institute of Seieii<-.e, liaiigalore. 


In tnltlit ion lo H large niuiiber ol specimens eollo(‘U'd by mem¬ 
bers of the Department, the fodowing speci¬ 
mens were received and included in oiu* cOwer- 
tions 


Additions to Colloctintis. 


1. Kaw coal, ilried mal and a brapicttc, Valhmni. Australia. 

Presenter! by Diwau Eahadur T. Kang.achariar, C.l.E. 

2. Allachitc, Sweden. Presented by Prof. P. Qiien.sel. 

3. Nasonite, Sweden. Presented by Prof. P. Quensel. 

4. Einnenianite, Swetlen. Presented by Prof. QuejiseJ. 

f). Dixenite with pyro-aurite, Sweden. Presented by Prof. 
P. Quensel. 

0. Sarkiiiile, Sweden. Presented by Prof. P. Quen.sel. 

7. Magneto-plumbite, Swc'deu. Presented by Prof. P. Quensel. 

5. Langbanite, Sweden. J*re.sented by Prof. P. Quensel. 

9. Quenselite, Swaiden. Presented i)y Pi'oi. P. (Jiuensel. 

10. Hausmaunite, Sweden. Presented by Prol. P. Quensel. 

11. Braunite crystal, Sweden. J^resented by Prof. P. Quensel. 

J2. Corundum crystal. Preseuted by the Director, Geological 

Survey of South Africa. 

13. Chrome-garnet (uvarovitc). Presented by the Dir<*etor, Geo¬ 

logical Survey of South Africa. 

14. Hortonolite-dunite (a platinum-bearing rock), Lydenburg dis¬ 

trict, Transvaal. Presented by the Director, Geological 

Survey of South Africa, 
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ir >. Hortonolite-dunilc in oojitacl with chromite-rock. Same lo¬ 
cality. Pr<*.s(‘rjtc(l by the Director, (ieological Survey 
of Soutli Africa. 

Hi. Volcanic asii, from Mt. Ihlce, Martini([ue, West Jiulies. 
Ih'cseuted by Al. K. Daudert, rondicherry. 

17. ({aruet cry.stal in mica. Purchased. 

18. Cliapmanite, Ontario. Presented by Dr. T. D. Walker, 
ly. Collinsite, Jiritish Cohuiibia. Presented by Dr. T. Jj. 

Walker. 


No bills o[ mcteoriti's were recorded during the year under 
n‘vi(‘W. On the 28th November, liowever, a very line specimen 

of a stone meteorite, weighing 8,8132 grammes, 
was received for examination from the Mewar 
Durbar, Kajputiina. This lell m the village of Lua (24' 07': 70’ IP), 
Pegu pufijana of the Udaipur State, between and 8-130 o’clock, 
j).ni., on tlu! 2G(h .lime 1020 arnl was mentioned in the precediug 
Oeneral Report. A complete account of the stone will be published 


latiir. 

During 11)27 in the Burma Laboratory 111 specimens were re¬ 
ceived and reported on, of wliich 18 were quantitatively examined. 

'Mie corrc.spondiug figures for 11)20 were 1)8 and 
liiiniia I Jiboralory. ,, • i mi • i • i i i 

I I resjK'ctii ely. J he specimens examined included 

anciimt ornaiinuits anil jewellery found by the Archaio- 

logical Survey during the course of excavations at llmaw/ia (Old 

Prome); coal, iron ore, lead ore. tin ore and stibnite. 


DRAWING OFFICE. 

Tln> artist, Mr. K. F. Watkiiison, remained in charge throughout 
the year, with the exci‘ption of two-aiid-a-half months when Babu 
Kali Dhaii Chandra held charge. 

The amount of publication work passing through the Drawing 
Ullicc has been st^iadily maintained, a noticeable feature of the work 

submitted for reproduction being the intricacy 
I iihlkaOuib. geological detail. The following plates 

have been prepared during the year: 21 plates for the Records, 
87 plates for the Memoirs and 28 plates for the Paheontologia 
Indica. 

The total number of impressions made for publication were 
54,750. This work has involved the preparation of 206 separate 
fossil photographs and 265 separate fossil drawings. 




The plates for two volumes of the Memoirs are ready for publica¬ 
tion and plates for two more are in course of preparation. 

The preparation of the new geological map of India, scale 1 inch 
miles, has not proceeded as rapidly as anticipated. Minor 

alterations to the geology and a modilication 
(leolosical Map ol JiiJia. n j t i % i i i j -n. 

Ill the method oi reproduction have delayed the 

draltsmcn, but the work is proceeding steadily. 

The card index catalogue of original geological maps has been 

linished and brought into use. Work on the reduction of the one- 

inch-to-thc-mile surveys to the quarter-inch 

Mapstctiuii. pruceeded slowly, db oue-mch sheets 

having been linished. Coloured original maps ore mounted on cloth 
when stor<id, and the repair of old and damaged maps provides 
constant work. 

The pliotogiaphic section has been kept fully occu[)ied both in 
the preparation of prints to illustrate oliicers* reports, and in the 

prepaialion ol blocks lor printing. The num- 
I ihiidKiapiiic s.tciioii. rcglstercd and added to the 

collection during the year was 241! against .‘132 in 11)20. The number 
ol photographic prints made amounted to 1,344 against 1,070 in 
iy20. 


IML/liON 1OLOGY. 


Dr. C. hi. Tilgrim continued to hll the post ol Tala:ontologist 
up to the 5th April and again from the 1st August lor the remainder 
ol the year, iietweeu the 0th April and the 31st July Dr. L. L. 
h'ermor took charge during Dr. I'llgrim’s absence in the SSimla iiills. 
{Sub-Assistant T. hi. Alukherjec assisted the Tala:outologist with 
routine Museum work anti with the determination ol specimens 
diirmg the year with the exception ol two and-a-hall months absence 
oil leave. Museum Assistant A. M. Ghosh has been engaged midci 
Dr. Tilgrim’s supervision durmg most of the year in arranging, 
cataloguing and preparmg a card index ol the specimens m the 
Fossil Vertebrate gallery. A card index oi the invertebrate collec¬ 
tions is also being compiled. 

During the year under review the following memoirs have been 
published in the Paloiordotoyia litdtca :— 

(1) E. Vredenburg: “ A Keview of the Genus Gisortia with 
descriptions of several species.’^ Memoir hlo. 3 ol Vol. 
YIl oi the blew i:>eiie8. 
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(2) lj. F. fcjpath: “ lie vision of the Jurassic Ccphalopod fauna of 
Kachh.’' r (J Memoir No. 2, Vol. IX of the New 

Series. 

(•}) P. K. C. 1 m! 0(1 ; “ Tlie i^alseozoic and Mesozoic fossils from 
Yunnan.” Memoir No. 1 of Vul. X of the New Series. 

(1) M. Cossmann and (r. L’issarro: “The Mollusca of the Kanikot 
Series (l(»<^e'ihcr witli some species from the Cardita 
ii(?aumonti IJeds) revised by the late K. Vredenburg, 
with an introduction and editorial notes by G. do P. Cotter. 
jMe'inoir No. 2 of \'o]. X ol tlie New Series. 

(b) (I. 10. Pilgrim; “A Siv;’])ithcv/ns palate and other Primate 
lo.s.dls from India.” Vol. XIV' of the New Series. 


The lollowing paptTS of j)al;contoIogieal inten'st have appeari’d 
in till* Records:— 

(1) “ Tlie, GK->li’ibution ol the Caulf. m India, 'by ({. de P. Cott('r. 

(Vol. Id.X, pt. 1.) 

(2) “ The Age o! the so-c-alh'd Daman launa from Tibet,” by 

G. do P. (’otter. (Vol. LIX, j)fc. 1.) 

(b) “ On some fossil Indian Unionid.o,” by Ik Prashad. (Vol. 
JjX, pt. •).) 

(-1) “The Lower Canine -I Tetraeonodon ”, by C. LO. Pilgrim. 
(Vol. LX, pt. 2.) 

Tlie following pa[)ers of pal.oontological interest have not bc(3n 
published this year but print-off orders have been issued for all of 
tiieni, and they are expected to be published early in ]y28. 

Memoirs in the Pal'vontologui Indica :— 

(I) I>. F. Spalli ■ “ Pevi:3ion of the Jurassic Ccphalopod fauna of 
Kachli.” Part 11 of Memoir No. 2, Vol. IX of the Now 
Series. 


(2) If. Doiiville; ” Les Couches a 
Bckichistan.” ^lemoir No. 
Series. 


Cai'ilita Peaximonti dans Ic 
3, Vol. X of the New 


(2)) F. Vredenburg: ” A Supplement to the Mollusca of the 
Kanikot Serie.s edited with notes by G. de P. CottcT.” 
Memoir No. I, Vol. X of the New Series, 


(1) H. Salmi: “ Uevision-s oi Indian Fo.ssil Plants, i. Coniferales.” 
Vol. XI of the New Series. 


(5) H. S. Bion: “ I’he Fauna of the Agglomeratic Slate *Serics 
of Kashmir.” Vol. Xfl of the New Series. 
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((>) G. K. Pilgriiu: “ The Artiodactyla of tlic ICoccuo of Burma.” 
VoJ. Xfll of the New Seriea. 

Paper of pala 30 iitological interest in tiio Records :— 

(1) “A Pin'nio-CaiboniferoufJ marine fauna from the Umaria 
Coallield,” by P. K. (J. ileed (V^ol. LX, pt. 4). 

During a 2)aTt of the year Dr. G. 10. Pilgrim lias been engaged in 
a ti.'vision of tlio fesr^il Indian Carnivora. The eollee-tions of the last 
lb years have brouglit to light speeiinens which not only add to our 
Knowh'dge of species created by Lydekker, but also represent new 
geiwra and species. Amongst the latter tlie Mellivorine group of 
the ]\1u.slclids are [laiiuiilarly wi'll represiuded, though the material 
is unfort nnutciy fragnientary. 

Dr. 1j. h\ tSpatii contimu's ln’.s revision of the Cephalo[)od fauna 
of Kaclih, and he, as well as .Miss Muir Whrod and Mr. L. ll. Cox, is 
studying the Cretaceous fossils of Gault age colk'cted in Ifazara 
by Mr. C. S. Middlemiss and in the Samana range of the N.-W. 
Frontier Iry Major L. M. Davii'.s. 

8td)-.\ssis(aiit H. M. Jjahiri lias beiui engaged during the rec(*.ss in 
the linal |)feparation lor the Press of tlie late Mr. Vi'edi'Uburg’s nianU' 
srrijits of tlie i^eeond volunio of tin* Post-Foi’cne M<tllu.sca of N.W. India. 
11 is work has consisted not in the revision ol the de.scriptions ol the 
species but in identifying tlnr actual speciineiis as far as possible (many 
even now have not come to light) wilJi the ligures and descriptions, 
inserting llieir localities an<l hori/CoiLs ai'e.ording to Mr. Vredenburg’s 
latest nomenclature, rcetifying the more, obvious inconsistencies, 
and supjtlying mimorous omissions of date.s, references and the like. 
Kegistration numbers have now been given not only to such .speci> 
mens as have beam ligiired in the memoir but also to those unfigured 
specimens belonging to sjiecies which Mr. Vredenburg recognized 
in the Indian ihiposits, and which can be traciM by his hand-written 
labels or descriptions. Tin; entire siuh's is now stored amongst 
the Geological Hiirvey of India tyjie collection, and is available for 
reference when required. The memoir has been unavoidably 
delayed owing to this work, but will be issued in the course of 
next year. 

Last season Field Collector Aiyengar collected from the Kamlial stage 
of the Lower Siwaliks of Sadrial, near Khaur in the Attock district, 

c 
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<‘iQ almost porfoot ni5iii(lil)lc of a spcciea of Conoliyuts, probal)]y C., 
aimlienHis. Of rsptMiial irit<‘r(*st is th<' ^nvservatiou of the base of 
tli(! canine, liitlierio unknown, wliicli sliows a cross-section no less 
stron;.'ly scr(>lic. than tliat of the b]Liro|)ea.n species of Conohytis, aiul 
so ('iitirely diiTerent froin that of the other contemporary Indian 
pi,us whicli hav(* a veiTuc(»sc or sub-verrncose cross section. Tliis 
niaiidible forms the snh,ject of a. joint note by Dr. O. E. Pilgrim and 
Mr. Aiyengar which will in the first instance be communicated to 
tile Indian Scienc<‘ Congress in January 1927 and subserpiently be 
])ubli.shed in the Peco.ds of 1 liis I)e])arlment. 

Dr. Ihiini Prashad of tJui Zoological Survey of India, who has 
')een studying the fossil IJitionidii' in the. CJeologhad Surv<‘y collec¬ 
tions has sulmiitted a preliminary jiaper containing descriptions (d 
three iK'w .Species, huiiicHidcna jdiinnucti.sis and Ihdouiua i)u(l(dl 
<<»lle<tcd by Mr. N. (!. Mittal from tlu‘ supposed L!j»per SiwaliKs 
of Nhgrola, .lauimu, Kashmir, jnesi'iited by tlu' Maharajah BaJiaduj 
of Kashmir, and /ado/aou. jm.n'ocl eollected by Mr. K. A. K. llallowcs 
from the Ija-inefas of Nawapet, llyihaabail. Thi.s is jiubli.shed in 
the Kecords, Vol. LX, [;art 8. 

Erom tinu' to time s]K'(Mm(‘ns of fu.ssil planks obtaiiu'd m the. 
M)ur.si‘ of .survey opiaatious have betm .siait for examination to Iho- 
l(‘,ssor B. Sahni of Liiclviiow Ihiivc'rsity. AinoJigst these a fo.ssil 
fruit, collected by Dr. tS. Eov from the J’ipaTii Saiulstom?, 22 miles 
from Silehar, C'achar, Assam, has Ix'cii provisionally a.ssigucd to one 
ol the thiylaiuhu c(r. Some dicot S'ledoiums leaves from the coal 
measures of Ihc Naga Hills, also collecdeil by Dr. Kox, jjrove to Imj 
identical with the spi'cie.s l^hylliles hinnarnpcnsifi Seward [Hl'c. (Jcol. 
Surv. htd. Vol. XLII, p. 9-1, 1912) Irom tin* coal seams of Margharita 
in Upper As.saui. 

Amongst the numerous sjieeimens kindly jiresonted to the de¬ 
partment during the }’ear or siihniitted for determination the follow¬ 
ing desm ve special mention. 


Major A. L. Jiaeon, V.D., of the Purina llidyy Mines, Ltd., ju’c- 
si'iilcil a number of lossil boue.s and tcetl) wliich were found in a 
linirstont' vuvo on ilio eastern side of (he Mogok valley. Since 
ti'<lh of Sfcyirtinv orcnr .'imojjgst iJiem we must conclude either 
that the nanaius aie «.\ I'h i.stoeeiic age or that the genus Sfeyodm 
persisted into sub-Becciil limes, ft will be remembered that from 
aiiollui cave in tiu' iieigldxanhooil of Mogok, Mr. Bacon obtained 
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some years ago a slaill of a eaniivonj wLieJi {^ir A. IS. Woodward 
described aud referred to a iiew' geuus to wliich lie gave the iiaiiie 
of Aclurciilojrus. 

Another Ursoid aiiimul, which appears to be extinct, is represented 
ill the present collectioii and await.^ further study. The remaiuder ef 
th<i collection consist.^ of Inigineiitary jaws of pigs, deer and antelopes, 
which nnlortunately furni.sh no ]/rc(;i.se data for speeitic deteriuination. 
It is ho})ed not only that iurtluT coiled ion.s may be made from the.se 
cave.s, w^hich promi.se to yield an intcje.sting fauna, but also 
that the geology of the cavt'.s and the nature of the cave deposit 
may be inv(\sl igat«'(l liefore long. 

Mr. A. ll. Al. Jjarriiigton, CoiihiTvator of lAm-sls, Hlaing (lirc-le, 
Ihirui.'i, .siibmil(cd for jdcnijiiealion a eolleetion of fo.ssils from tin; 
J*cgii Yonia, ilie pre( ivc locality being the, l)(‘d of the .stream 
h.dl a. mile .ihove Alyaiihiiigon (I*.)" 112'; 05" 25'). 'Die. spe.ei 

mens were examiiKsI by iMr. 15. ih (lujita wlio sueceeded in 
.spinlically identifying all but a. \ery few and a-ssigned them to (Ini 
Kama .stage ot the lato Air. Vredenlnirg’s .selienie of c]a.ssilicalion, 
'J'wo spi'emu'us {('yfh nr cl. (•. nu'ifuis, Cn.'-r.tn. and a (Ouvilit/iCfi n- 
latcd to f'. .'.rniinndn.'i) aie piobably new iifxicies and have been n;- 
tained lor Inrtlicr cxannnal ion. The remaining .sjns-imen.s ani of 
j)reviously dcsciibcd .spts and include .slihuhhIos 

No('t 1., Conn.s {L((loH‘{>tn{s) imI( iifjcoais Mart., tSnrrala {IHrittoJusio) 
lOtthstria \d‘e<|., Dttllui {lh<N l(fj(oiiKf) biulolndra \m]., Pb uroloma cl. 
/••/.■( t Alariin., Mrt 'nti inonn nsis Vied., liinirlbt {?) javuna Alartm, 
DnlUa {irKrlitjUnna) //(ib<t V'red., CitfurU s])ine, Nalira {Naliclnu) 
ail. Llamcilb t, l)e^ll., Ptcbu l,oLriii((ni(s, Noetl, Olicd {Slrtp/iona) 
au^sirnlus, Duelo.-. \ar. uni'trtf \'red., OliniriUdna { \iiiironia) pnyodulo. 
Vieil., Divnc pHilophilhf)i<ui(innn Xoetl. var. oibicidunii, and 
Oalhird sp. 

Sonn- po(uly prescrvcil losdl .spceiineii.s weri* obt.lined by Mr. 
D. J)ale (londit of tin- WJiitehall ritrolcnm (Vrpoialjon Irom tlie 

oiI-liearing .strata of the Naga Hills, :> miles s<.»utii-\vcst of Xiclni 

(luard, a point on tlui Kohima load, 1) miles from Manipur Jtoad 

Station. The lo.ssil bed is .said to be 2 (MK> feet or more above a 

NuimnnUtie liori/. >ii. Sub A:-.'^i.st.vnt i\ X. Mukerjec ha,.s discovered 
a very close alliuity between a few shells in the eolleetion aiul Cyrciw 
{Batisaa) CKurfurdi, a. .species which c.haract<Tizes th(i topmo.st bed.; 
of tiic I’egus at Yenangyaiiug, Burma. This suggests that the 
Naga Hill bed may bo of the same age. 

<* *'* 
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/Viiothcr .small collootioii of fossils Irom As.sam in an equally 
Oad coQ(lil/ion lias been in tlie iiaiids of fhe Pakoontologist for 
ex unination. 'L’lie locality is N. W. of KaiiclianpiU', about 25 inile.s 
S. S. W. of i3ad:i.r|)ur, in t!ie (Jaeliaa- <listri(;t and about 4 mil<*s 
W. S. W. of JlaiJikandi. Dr. (J. .S. Kox visitcil it with Mr. 11. M. Sale 
of the Burniali Oil (joiiipaiiy and collected the speciiucii.s. Amongst 
them iMr. P. N. Mukei'jt'e found only two which aduiitied in any way 
of siieoitic determination. These are two specie.s of Maioaardki, 
of which one is closely allied to MtincAh-dia niaUwahjai'iS Noetling, 
while the otiier is nevv^ Xoetling recordtjd the sj)ei'ios M. mclavid- 
(jnrifi from his ;40iies of M>jl)h(s nicobnncit.'i aud of Maiveardia )nda- 
vulijufisy both Uom Singa, Ibirma. Vidienburg correlated the Singii 
stage with the Upper iSari of N. VV. India and, tlnu'ctore, regarded 
it as the equivalent ol (he Cluittian of rbirope (Upper Oligoceue). 
Since the los^ils oecur in (;ou,^iilera.b!e nunibeis at this sit(i it 

i.s hoped that belter pre.^erved speennens in,iy reach ns before Jong, 
which will permit of a more .satisl.ictory cotimatc of tiic gc-ological 
ag(3. It will be remembered that Mr. VTedcuiiurg attempted a 
provisional correlation of the Tertiarie.s of A.ssam in 11)21 {/Ac. 
(tcol. iSuro. [ml. Vol. id, pj). d.h)*.Vd), but the .scarcity of fossils and 
the diilhailties of geological juve.^tigation m this densely foiavsted 
region gives an (sxeeptioual interest to lo.ssil occurrences such as 

the ones wliicli have been recorded above. 

A collection ot i’o.^sils made by Mr. IL D. Thomson from the 
Agglom(‘ratic Slate .senes of the Bron spur near Srinagar, Kashmir, 
po.sses.ses considerable interest. In the hrst place the .spticimciis come 
from a locality, in which though the Agglomeratic Slate series has been 
mapped by Middli-miss and llion, no iossils except Fcmstclla have 
been recorded. In the soeond plaice the species are entii'cly dilferent 
from those whicli Jiioii has ch'seribed from other exposures [Fal. 
/wd. New Ser. Vol. XII). This diiferoiicc may be due to a varyii^ 
local facies, or to a dilferent age. The lattiir explanation would 
accord well with MKidlemi.ss’ view (oy/. cd. p. 12) that these beds 
occur at varying horizons in the dillcreut sections. The third 
feature of interest i.s iliat undoubted evidence of glacial action in 
the Agglomeratic Slate is liero found for the lirst time in the pre- 

flonce of striated aud facetted pebbles. Mr. Middlemiss {op. cbk 

p. 4) has already suggested a glacial origin for the Agglomeratic 
Slate, but was on the whole inclined to reject it in favour of explosive 
volcanic action. lieticularia Mariiniopsis and other iirachiopoda 
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ocnir ill Mr. Thoinpson's colloction as well as Diimoroiis r/anicllibran- 
chiata. It is pro]K»sr(l io have tin* collcrtion rlrsrriliod and figured 
at a subsequent daft*. 

During the early j^art of the field-season, Rul)-Assistant L. A. 
Narayana Iyer, Avas (hqaited to jnabe a furtlier examination of the 
j)atehoM of Tapper (Jotuhsana roeks along the Dast Coast with a 
View to obt.iining, if ]tos.si]'j'(‘, a nior(‘ r('])re.sent.a.ti\e eolleetion of 
tlie niarine el(ni<‘nl of t]ie mixd assfiTd'la.ee of land jdaiits and sen 
animals. Th(‘ out('ro]rs are al! cast of the pianite boundary and 
covered u]) (itlier by laterite or black cotton soil. Exposures are 
].‘Oor and .sonufime;- limit(d to material from recently dug wells, 
nhe beds are \ety tliin. and bav<* a pditle or lolbng dip. Of tie 
four pT<iii]is of e>]‘Osnies enumerabd ly h'^r. Pruee Eoote throe were 
investigated thc', l\andid>'ur, tlie Onpole and tlie Vemavaram-Puda- 
vada. Kn-m the lattir inarn' s]H'eim<))s of ■j'lant remains an<l marine 
fossils were eolleeted. Tlx' latter aie not well ]>Teseived. but as 
their s])eeifie id(>ntIfierdion has not yet been attempted, it will be 
suflieidit to einmierate the genera ])rovi<i(mally determined. These 
are /tde, jAuiwt. (hlraa, Fuofhro. Prefat. A'ucdJa, Area, Tdlrna, 
Cynna. Lwut feasts), a doubtful Triqovia. CariHvw, Pronoella, 
Ah’clfyotnd and illy/bo-, l^alclla (several species, large and small), 
Ndl/ca (easts), several species of PhyvrhovfVa and I'vrehratiila ^ 
a.nd fragments of beleninites and ammonites. 

Mention vas madi‘ in the last- Oeneral Deport of certain black 
disc-sliaped markings eo11eet<“d by Mr. Jones in 1921 from the 
Vindhyan rocks of Keeniueli and sent to various authorities in the 
United States for opinion. The opinion of Dr. C. D. Walcott, 

Dr. E. O. Ulrich, Dr. D. S. Passler and Dr. (I K. Eesser of the United 
States National Museum is that they : re true fossils and definitely 
brachiopods agreeing most closely with onus of Acrothde from the 
Cambrian. Professor P). E. Howell, of Pr neeton University, on 
the other hand, is more in fa\our of their being plant remains, since, 
when heated, the shiny film of the fossil—wdiieli is evidently the 
only part of the original organism now remaining—glow? and 

burns to a grey ash. A piece of the shell of a Middle Cambrian 

phosphatic specimen of Anothclr, when tinted in the same way, 
did not burn. Professor Howell remarks on the fact that there is 
no certain evidence of a beak or of any of the other features 

characteristic of Acrolfiele shells. Ho suggests that if the 
Vindhyan fossils are animal, they might be flattened phosphatic 
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.sh(‘ll.s of vfTy prirnitivj', pro])ji])|y pro-Cnmlirian, snails, and that 
IIh'V jilso r(‘S('riil)]«' soni^vvlnit tin* opcniila of certain (.anihrinn 
]>l-([opo(ls, 'I'iicir idi'nlilicnlion, therefore, is still somewhat donbt- 
Inl, nhlioni'h llien; setnns lo lie ;i;eiieral const'nsiis of opinion tlnit 
the sjMv-imens nre l»rMehio])o(ls ol Aoolhdr nllinitic'S. The, Suk('t 
Shnli-.s in ^^hieh liny ('cciir are hniiu) hejnatli tin; Kaiinnr saiidstcne 
ne;ir Neeinueh. The Kainmc sandstotu' is jiormally the base of 
the np|>er Vh'inlhyans, but, .•i('e,or(rm{^ to Dr. Jlenui, in the Neonuich 
area the, Kainiur sandslone is isuee(‘(“(le(l in (l<'.sc(‘ndin_(^ order by 
llte SuKt t Shah'.s, the iXiinbahera LiinesloiU', the Nirnhahera Shuh's, 
and a v<Ty local basal eo?)i.doni(>rate at Ivhori a,tid Malaj). witli no 
break in the succession. Dr. ll<u‘on Avould rejuard tlie above beds as 
a local downward e.\t(‘nsiou of the Upper Vb’iidhyans Indow the Kai 
mur Sandstofie. An aheinali\»'\ awv is to reufard the, Kainiur Sand- 
stone as tlie lowest division of tlx' D[i])er Vindby.ms and the Suk(;t 
Shales as tlu', toj) of the bower Vindliyans, the Mimbahera Limestone, 
Kimbahera. Shalt's and Kliori-lVIalan ('onelonn.'rate all tindinj,^ a 
pla<!(i in the Lower Vindliyans. 

Diirinji; the year juvsentations of fo.^sils were made to the follow- 
in^f institutionsto the. Jndian School of Mines, J)lianbad, a 
series embraeinj.? icj»rosen(ati\ es of most of the in vertebra t<? orders 
and exteiulinjj; from tlie (janduian to th(‘. Pliocene; to the Dejiart- 
ineiit of Zoolojty, Allahabad University, a, similar .series including a 
f('W vi'rtebrate species : to the. Ilritish Musi'um (Natural History) 
du])licates of fossil mammals, ehietly from the Locene of Liirma, 
and easts of emtairi mammalian skulls and jaws which it is intended 
to fit^nie ill future yiublications. 


MINURALOOY. 

A doubt, w.a.s raised durlnpj 1927 by Dr, Peacoek of Clla.sgow 
whetbor von Waltershansen's term palagonito (ISlb) is applicable 

to tln‘ material to which this term has been 
sink's^ tliloiopii.Tiic Deccan Trap basalts and similar 

rocks in oth(‘r parts of the world. Dr. Fermor, 
in his study of the basalts of Dhusawal, has already drawn atten¬ 
tion to the similarity betw(!en chloroplucite (1825) and some pala- 
gonite, and a paper by him on the comyiosition of chlorophaiifce 
is appearing in the.se Iteeords. U.sing four analyses of chlorophfcitc 
from Nagpur, Edinburgh, tS(‘uir Mohr (Island of Rum), ami the 
(liant^s Causewliy respectively, Dr. I'einior finds that the following 
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general formula can bo devised to int<‘rpret those analyses:— 

2iU,().r>R,0.,.20Si0,4-;^(ll0.1I,0) {-(80-bOH/). 

The water in the last term is that <lrivon o/f l)elow 100'^ to 
whilst tin; water in the other two tt-rms is tJiat driven off above 
I lie temperature mentioned. J)('signating these as non-molocular 
and moleeidar water respectively, Dr. Former jiointvS out that the 
alaive I'ormula sliows that in ehloro|)hieite there is this curious 
relationshij) between nozi-molecular and molecular water, namely that 
lor each increase of I unit of molecular water there is a decrease 
of I units oi non-molecular Avater. The s])ecific gravity and 
refractive, index increase with th(‘. value of o. The pal.agonite of 
leelnnd is found to conform to this formula and hence it is doducivl 
that the term pahigonite, has been correctly used in the terTuinology 
of Deccan Traji basalts. Th<‘ term chlorophauto has priority and 
it the use of either term were to be discontinui'd, it shouhl be pala- 
gonite. Dr. Fiuinor advocates, however, that cliloroplueite should 
be used in a strict'y mineralogical sense and tliat ])alagonitc should 
be retained with a more comprehensive scope in accordance with 
which it implies not a deJinitc mineral but rather a secojidar>' hy¬ 
drous rock of which chloroplueite may be one constituent. Fala- 

gonitisation is, then, the proces.s by which this alteration, is produced. 

Some years ago wliilst studying the coals of the Korea coal- 
held, Central .Frovinecs, (Memoirs XLI, part 2, Ihld), Dr. Fennor 

Specific irravlty-ash a definite relationship between asli 

relationship of Bokaro contents and specific gravity. On taking \ip 

the geological survey of the Bokaro coal¬ 

field (1916-17) he found that a similar relationship ajiplicd to the 
coals of Bokaro. After eliminating certain disenjpaneios a definite 
empirical rule can tiow be formulated by the use of which it is rlaim<*.d 
a prospector can determine in the hold the approximate ash contents 
of specimens of coal. The rule is 1 near and is as follows:— 

a={g~Jc) XlOO, 

where u=the ash contents of the coal, //=the specific gravity of 
the coal and A*—the specific gravity of ash-freo coal for the field. 
A paper on this suggestive and interesting subject is appearing 
in the Records of the Departnient (Vol. LX, p. 313). 

Empire Mininjiiand Mctallurjfical Congress. 

The second Triennial Empire Minhig and Metallurgical Congress 



24 


Records of the Oenhf/iral Survey of India. [ VoL. LXT. 


wjis held in Canada in Anf^iist- and Bcptc'inher 1927. Mr. II. C. Jones, 
Assistant SujK'rintendent of tli(‘ (h'olo'iical Purvey of India, was 
deputed to represent his de])arlnient at the. (N^nj^ress, but lias not 
yet returned from leave, nor sidirnittcd a n'port. 

Simla Hill States. 

During the sjirin" of 1927. aecordinif to ])lan. Dr. G. D. rilfrrim 
and Mr. W. D. West resimuMl worlc in the m'i^hbourhood of Piinla, 
the former Tna]»pin;( IIk* eomilry to the west of ifu' fSimia nn)tor 
road, and th(‘ lafter that between the Simla motor roiid and the Giri 
river. 

The hiji^hly inetamorphosed schists, fpiart-zites, and earbonaceous 
limestone and phyllites of Simla and .lutoidi, to w'hi(*li the name of 
Jut()f!;h series has Ix'cn <^iven were found to form an isolated out¬ 
crop sejiarated from the similarly isolabxl outcrops of Cha.il and 
the Chor. The boundaries of the outcrop have been followed 
north-west of Simla to Ibaloif (T)hami Stab?) and t.lien s«)ut.h-ea.st 
to about midway bctwei'ii tin* motor road and the Ashni river 
and thence hack to Simla. Within these boundaries two (?arbona- 
ccous bands hav<* been rcico^ni/.ed, though tlu-y Juivi; not every¬ 
where been niajjpc'd. Both l)ands contain carbonaci'ons liim'stone 
at intervals, thou^^h in neither of them is it invariably present. 
These are considi.Ted to represent the same horizon repeated by 
recumbent folding. 

The Jntogh series has be(*n found to rest everywluuv. on the 
Chail series, ihoujijh in Simla, itself the l.ider thins out to some .‘10 
feet, which were united by Oldham with th<; .Takko carbonaceous 
slates of the .Jutoyh series. The Chail oulcro]), like that of the 
Jutoghs is isolaled from the Chail beds of the Chor area ; it oxtend.s, 
however, much farther to the south east and almost reaf’.hes the 
Giri river. The com]H)siti()n of the beds closely resembles that of 
the Chail series of the Chor area with one important exception: 
namely, that a lower horizon than any sc'.en east of the Ashni river 
is exposed almost continuously from that river to Halog. These 
lowest beds arc grey slates and banded limestones. The latter 
were correlated by Medlic.ott with the Blaini on the vSairi road 
and were mapped as such by McMahon {Rec. (hoi. Sum. Ind., 
V'^ol. X, pp. 204-22.S (1877)) wherever they occur. 

Dr. Pilgrim now has litth; doubt that the banded limestone 
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west of the Tons and 7 miJf's 8.E. of Chakrata is identical witli tliis 
Chail LiIylc.ston(^ and docs not belong to the Jiitogh scries, accord¬ 
ing to the view whicli he })reviouRly held and which was mentioned 
in the last Annual Keport (p. 22). 

To the north-east of the Girl the chaTaeteristie quartzites and 
conglomerates of the Jaunsar scries crop out in two hands on either 
side' of and dipjn'ng under the Ohail outcrop. Ulr. West has shown 
that the Jaunsais of the Simla and Chor areas are almost separate, 
but not quite as is Ihe case with the Jutogh and ('hail series, since 
a very narrow outcrop of them runs across the deep bed of the Giri, 
where for tlu' most i^art only th(' luuh'rlyijig Bloini or Simla Slates 
are <‘Xposed. Mr. W('st liad already shown that the Blaini dies 
out between the Giri and Ashni rivers so tliat the Jaunsars rest 

on tlic Simla Slates. Dr. Biljrrini has fornul that on the same line 

to the north-west it rea]>pears, but is very imonstant and always 
thin. On the other hand the northern outcrop of the Blaini, wdiich 
Mr. WVst has followed frrm the Giri to Simla, g<‘nerally displays 
tliat s('ries in an uninterrupted and typical development. 

Both the liands of Jaunsar mentioned above thin out and finally 
disapj)ear. when tiaced to the north-east, and the overlying Ghail 
b('ds ovf'ila]' them on to tln^ Blaini or Sinda Slates. Along the 
same boundaiy south of Tlalog, J)r, Bilgrim has also identified 

a. thin baud of the Sulathu series, consisting both oi the lime¬ 

stone-- here almost imfossiliicrons—as wtII as of the basal ]>isolitic 
laterite. 

The three unconformities, referred to above fully confirm the 
conchision previously arrived at, that e/ich of thtun ri'presents the 
trace of a thmst-playie. 

Dr. I’ilgrim appears to have demonstrated tliat the Chail and 
Jaunsar outcrops arc' each isosynclincs of which the north-eastern 
limbs are missing either wholly or in part. South-wesi of IJalog, 
the area between the, Jaunsar thrust and another thrust which 
is assimu'd to be the continuation of the Giri fault, is also occupied 
by an isosyncline, of w^hicb the core consists of Simla Slates with 
Jaunsars on e ther limb. This in its turn is thrust over a folded 
series of Blaini and Tnfra-Krol wduch stmcturally seems to he in 
continuation of the Krol Hill. • 

Dr. Bilgriirds interpretation of the geology of tlu' country b(‘tween 
the Mabasii, ridge and the Shali peak diffc’rs consiflerahly from 
Captain Palmer’s, a brief account of whose work w'as pubbshed 
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iti the (hMioi}i,l }{<!])ort h)!- JO'iO Gcol. Surv. Ind.. Vol. LITT, j). 10). 
lie. re^ardiS tlu*. Nimirmilitie be-dn as uiieoiiformable to the Madliaoi 
Slatc.s a,iKl foldofl in with tlK'tn ; the latl<(*r series are probably 
.Jaiinsjir. Tlie e.\tensive outcrop of slates and hniticnlar baiuh'd 
lime.'loiu'.s v\li'(li oviulic,. f he A'hnlluin Sl.ites w.is eorrehited with llie 
lowest Chail liorizon, fhe u])per beds f»f ibe fbails being re])rcsente<l 
bctwei'ii Matiana and Narkunda by pliyllitc'S, talcose schists and (piart/.- 
seliists ; the whole .s('<jiirne(' is <iispo.scd in a series of isoclina.1 folds 
within wliieh oeea.sional beds of a whit(* (juart55ite, correlated with tin* 
daiin.sjir, have been ])inched in. Ilalf-a-inilo from Narka,nda these beds 
are overlhrn.st by highly inetamorjdiosed micji-sehists which an? eorre 
lat(‘d with the Jiitogh series, (jf Captain rainier’s two alternative .sng' 
ge.stions (1) that the limestone a ml slate serie.s is Ko(‘(?ne, (2) that 

it is older than and thrust ov<*r tin* Madhaii Slates, J)r. Pilgrim 

supports the second. lie claims io have* recognized the thrust- 
plane between Masliobra and the Nauti riv(?r, where the (Jhail 
limestone atnl slate series rests on some carbonaceous slates whicli 
]>;iss u[) conformably into tin? Shali Limestone?, lie favours an 
age for the Shali Limestone immediately succeeding the Simla, 
Slate.s, and regards it as probable t})at the Madhan Slates ('MauiLs.tr) 
are thrust over the Shali Limestone, and do not overlie it in 
normal succe.ssion according to Palmer’s view. At the same? tinn* 
the evidem?e at pre.s(*nt available is not sullicient for a definite 
pronouncement on either point. 

On the other hand the Naldara Limestone is considered to occur 

as lentich's near tin* base of the Sinda Slate series, and to agree 

Idhologically, with the .so called Ka,l<nrhatti Lime.stone north of 
Subathii. 

It is unnecessary to describe this work in greater detail hen? 
.since a paper on the geology of the area has been submitted by the 
two authors and will be ptdjlishod .shortly. 

It has been decided to depute another oflicer, Mr. J. B, Aiulcn 
to assist in this interesting Himalayan work. Mr. West will com- 
})lete the survey of the area adjoining Simla and proceed south- 
t'astwards in the direction of Chakrata with the. aim of joining up 
with Mr. Griesbach’s work in Kumaon, while Mr. Auden, after his 
initiation to the r()c?k.s of Simla, will work north westwards with a 
view 1-0 joining uj) with Sir Henry Hayden’.s .surveys in Lahaul and 
Spiti. 
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ECONOMIC ENQUIRIES. 


I iw'cr CJii'.uI\\i*' <li< 
Kiinn.i. 


Biiildiii;*: Materials. 

Dr. Krishnnn nnio.s tluit tlio sluilcs of Mm‘ (roTi Oro .scrios in 
Koonjliar State, liihar and On.s.<a arr usually plaslie and ^uaiorally usi; 

lul fur niakinj^ bricks and })ott('Ty. In tli( 
OtjLfra.Tiii<‘area also the weatlu'rin" products of the 
felspar are seen to be, f^ood elay, Imt they arc 
not found in bodies of any siz(‘. 

Mr. y. I*. Sondlii re,|)orts that e.xpo.sures of a compact, be.chlcd 
sandstone of the Pe^ii series occur alono; the, Ywashe-Yiinnabin 

road, west of Monywa (Slusd No. M4 N/!). 
I’lui atone is suitable for ordinary building 
jjurposes and can be easily trirnnied and shaped. 
It is largely used by the Pid)lic Works Department in revetments 
and briilges. 

Con^pact rhyolitic tuffs and agglomerate occur along the same 
road and art*, largely us<m1 as soling stone and roa<l metal. They 
are, hamd to withstand the local tratllc in a satisfactory manner. 

l\rr. (Hudson de.scribes a big sjuraid of liine^tones and associated 
calcic, rocks in tlie sontli-ea.stern area of tSirohi Statr;, Tlajfrutana. 

Uniestoiic and varic'ties will only be utili/.able 

Marhie, Sirohi Sfnlc; wlum th(’ present didicnlty and cost of trans- 
Kajpulanu. been puce.essfully (h'alt with. 

Mr. Coiilson noted a white, marble at (Ihoratankri (24*' 22' IJO" : 
72"' 5'!') on the border of Sirohi Htat<‘, with Jhxnta Stab;. This 
rock has been cjuarrirnl in the past as a building-stone and takes a 
good polish. The amount, however, is limited and the rock is very 
variable in texture and quality; fiirthermorr* th<; deposit is some 
12 miles from the nearest raihvjiy station (Abu Road) and means 
of communication arc very poor. An analysis showerl the. rock to 
have l(i l6 per cent, of insoluble residue and 70 per cent, of MgO. 

Mr. Coulson noticed a white saccliaroidal marble in the vicinity 
of Perwa and Serwa (2T’ 37': 72"’ 30') where it is quan*icd for use 
as a building-stone and to a lesser extent for liine. A sample 
from Perw^a gave 8*52 per cent, of insoluble resi<lu(i and 0-91 per 
rent, of MgO. The rock is not a good buildii\g-stone but occa¬ 
sionally blocks up to 8 feet long and 1J feet a(^r»)ss are quarried ; most 
of the stone goes to Sirohi City, some 23 miles to the north-east. 
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Two oiiifTops of a whito sacoharoidal maiblo, soparatod by niica- 
Kcbista, w('r<5 found by .Mr. Coiilsou mI, Piloii (2T'' 22' : 72'’ 28') in 
Sirobi State. This is burnt for lime ; it iw useless uh a building- 
stone on account of tin; al'Sence of well-flelined joints, but takes a 
good polish. An Jinalysis showt'd it to cunlaiii IM7 per cent, of MgO 
and ‘bt)b per cent, of ins(,]iibl<*, residue. What is j)robal)Iy tlui 
same rock is found at Abmiiclu (21" .’1'; 72' 20'), in tliree iso¬ 
lat'd oii(cio[is to (lie soiitli-we.st of (Jodwaia. (21" 22': 72'’ 27' 2(»") 
and to the noilli-^vest of JMiilra (1 (2^1" 22' : 72" 27' 20"). 


Clay (See Building Matcrifls). 


Co;il. 

IVIr. B. J>. (bi]ita roDorts that on1(‘ro]i.-5 of coal were seen in the 

Yavv oxl.s in (wo localities, i (,(' ( I n lialf a mi](' norlh-nortli-west 

l<i»cr di.- "I' eoonviliirx S:ik,in (-ir 10' :W,' '.>1° 3(i') cm 

Jria, niiriiici. the (.loonhill Totpelin road, the oi lier in the 

Kyocchin Chaung, about two turlongs north-east of Kyochiu. In 

Mr. (tnpla’s opinion these beds are ol no ecoiuiuiie value. 

Some worthless Yert,ir',al seams of carbonaceous shale, with strings 

of coal, were found in g\ psiferous sha,les interbedded in the Ijovver 

Nummnlillc limestones neai Surg vilhigi' about. 

AllocU (llsirkt : IVinjji!i. ,, ,, . • ,i ‘ i ,, i 

mu'-s W. S, \V. ot Camjibeilpiir m the Attock 

district of the Punjab, The greatest thickness of the carbonaceous 

shale and imj>iin' eoal is 2[ feet. 


Copper. 

Mr. V. r. Sondhi records the oeiairrencn of veins and impregna¬ 
tions of malaelute, and clialeanthite in the volcanic tutfs aaid agglo 

merate of Hill ' 027 ”, wcxst of Monywa. The 
depo.sit was opened up by Messrs. Jamal Bro- 
th<*rs but the workings liave been abandoned. 
The occurrence is about four miles north-west of, and similar to, 
that described in the General Report for 1926 {Reeonls, GtoK Surv^ 
Ind., Vol. LX, pp. 27-28). 
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Engineering and Allied Questions. 


Mr. P. Leicester 'wa.s deputed to ueeouipuny the, ilaugooii Hydro- 
Llcetric Survey Party to report ou the <lani sites, res(;rvoir ar<.‘as, 
Knnxooa tumid lilies, etc. of the Lewa-Pyagawpu area 

trie & Water Supply of the Kaiigooii Water Supply and llydro- 
Sa[wccn JCleetrie Seheiiie. The country traversed lies 

Burma. within the Survey ol India one-inch-to-the- 

milo sheets, Nos. 94 ii, Pi, 91 91 h\4, iU the Toungoo and 

Salween distrie.ts. 

The norttieni [)a.rt of the area was exaiiiiiied and reported on 
favoiuiibly by Mr. K. L. L. Llegg in 1922, but the sclnuiie has uiider- 
'H)ne. some consideiable revision siuee tlieii aiid the Yuuzaliii Dam 

O 

which gave the naiiie ‘ Yuiizaliii Sdieiiie ’ to the Project is not 
under eojisideralion at the present. 

Several alternative schemes \v<*re investigated by the Survey 
Party. The works involved may be Jiiduded under the following 
heads:— 


(1) Pyagawpu Ueservoir Area witli:— 

Thclaw Jxlo mam dam site. 

Spillway into the Tliclavv KIo. 

Kailaw Kio stop-gap dam site. 

Bihn stop-gap dam site. 

(2) Upper Shwegyin Uhaung lieservoir Area with:— 
Alternative dam sites. 


The low saddle spillway. 

(3) Lower Shwegyin Uhaiiiig Reservoir Area with: — 
Two alternative dam sites. 


(4) Tunnel Lines:— 

Upper Shwegyin Chaurig Reservoir to Rwula with;— 

Upper and Lower Syphon lines at Pokotlo Auk. 
llranch from (1) to the I'ovvt'r Plant site above the LowtT 
Shwegyin Chaung Reservoir near the junction of tlie 
Mai aw Kio with the Shwegyin Uhaung. 

Lower Shwegyin Uhaung Reservoir (Malaw Kio) to north¬ 
east of Lewa. 

Pyagawpu Reservoir to the Power Plant site in the Kailaw 
Kio Valley. 
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(5) Penstock Lines .'uiJ Po\V(;r Plant Sites:— 

Akernative- sites at Kwila. 

Nortli-west of Lewa. 

Tri the Kailaw Klu Valley. 

To summarise l»riolly the scheme as outlined l»y the Kugiueers, 
it is [)roposcd to impound the waters (d tlie TJiclaw Klo and its 
tributaries by means of a main dam to tlie- east of P}'agawpu ajid tlie 
Kailaw Klo and Bilin stoj^-gap dams. The water from this 
reservoir will be carried through a tunnel into the Kailaw Klo 
to join the waters of the Tiplu Law and the Kano Law and their 
1 ributari(‘s, which will be im[)ounded by means of the ('pper Shweg- 
yin Chaung Dam. lienee, it is j)roj)os(;d to carry the water in a 
tiininO to the neighbourJiood ol Lewa and Kwila: after passing 
through a power j>lant and Ihen through lilter-beds, the water 
wjll be earrie,d to Kangoon by a pipe line, about 125 miles in length. 
It IS also pro];osed to erect a power ])lant in the Kailaw Klo vallc}' 
to iH'ceive the waLu* j)assing through the tunnel from the Pyagawfm 
reservoir Ijcfure it is linally discharged into the Kailaw Klo. 

The Lower Shwegyin Chauii; Da,m (;omes uinhu- the heading (*l 
a sei>aiate .scheme for the, suj)j)ly of ele(^tric,ity alone. 

The rocks e.\po.sed within the area in order of their respective 
ages are : - 

(4) Alluvium, 

(3) Plateau LimesUuie, 

(2) Lraiiite. etc. intruded into (I), 

(1) Chaung Magyi seri(‘.s. 

'I'he older gnei.ssi's desciib(*d by Mr. Ch'gg as occurring fa,rther 
north are not met with in this ana. 

(1) The Chaung Magyi series, as ideiitilied by Mr. Clegg, is 
repre.scnted by (piartziiic .slates, shaly slate.s and (juartzite.s. All 
grades from a dark bliui ch.-aved though broken slate to a hard, light 
coloured quartzite are seen. 

Jn the noi*thern part of the, area a gciuual strike N.-by-W. 
to S.-by-K. is jnaintained, and l.he di]) varies in direction and 
amount. The series has been folded ahujg axc'S running ai)proxi- 
mately N.-S. TIkj Pya gawpu valley shows a westerly dip on the 
west and an easterly dip on the east and appears to be an eroded 
anticline. The contact-altered quartzitic rocks bordering the gratiite 
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ill tlio Bouih-western part of the area are jointed but hav(5 revealed 
no trace of theii' original striJvC and dip. 

Near the granite contact the series is very highly mctaiuorphosf.d. 
Near the junction of the Kano Law with the Shwegyin ('Inning 
the slates arc con vented into schists and schistose slates, while, 
farther west tow’ards I’okodo Auk, the mctamorphisin lias been of a 
conijilex and severe nature. 

In the Shwegyin Chaiing below hill, “ 3,070 ” and about one mile 
south'cast of Pokodo Auk, there are excellent exposures of giii'issu; 
([iiarlzite and ijuartz schist. The gncissic quartzite has irregular 
crystals of (|uai’tz scattered in a grouiidmass of smaller quartz 
crystals and a little acci'SMiry fels]>ar. Nests of pale brown biotite, 
chlorite and a little magnetite oecur. Tli<‘ <(uartz schist has elong- 
at<'(l (jiiartz crystals showing strain, ranged in l»ands with interstitial 
chlorite, and a little magnetite. 

Passing iioitlivvards the rocks vary eonsidiu'ably but are what 
w^ould be expected within the nK'tamorpliie. uureohi W'here a series 
gf sandstones and qiiartziti'S, with inteihedded shale. ha,s Ix'i'n in- 
trudi'd by granite. Tliey comprise : siliceous hornfels, lelspathi-' 
hornJels (zeptyiiito), felspathic granulite, felsiti*, highly meiainor- 
phosed (jiiartzite with pyrites and highly altered shah; or skite. 
The wliole is intruded by vt'ius of quartz, ujjliU; and some basic 
rock which has been converted into anijihiboliL*. 

l<’iom nortli-east of Lewa to the junction of the Kano Law with 
the 8hwegyin (hauiig granite is traversed and the (hanng Magyi 
seri(‘s, into which the granite has been intnide<l, lies to the north. 
About a mile to the south-east of l’oko«lo Auk tjie (Jhaung Magyis 
descend into and cross the Shwegyin (haimg, south of hill “ o.OVb’h 
passing noiihwards across the slate serh'S to Pyagawpu the granite 
ri'appears to the east and north-east of the Pyagawqni valk'y and 
the rounded radiating sjuirs of tlu; granite hills contrast with the 
parallel ridges of the Chaung Magyis. 

The graiiiti; occurs a,s liiu* and medium grained boitite-granile 
which may possibly represent two stages ol intrusion. Associated 
with the granite are vihis of quartz and ujdito and <tykes of 
dolorite and hornblendc-graiiopliyre with j)yrii-e.s and haauatiti;. 
The Plateau LimesUme, which is believed to be of P<*rmo-(Airboni- 
ferous ag(;, occurs as small outliers resting iqon tlu‘ (hauiig Magyi 
series. The rock vari'S from grey to blue and white crystalline 
limestone, veined with calcitc, and occurs as jagged peaks with pre- 
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cii/itouH tula-covorcd Blopc\s. The occurrences ma])pcd by Mr. Lei¬ 
cester are : — 

{(() JOithcr side of tli<j Kailaw Ivlo, three miles due south of 
Lyagavvpu. 

{h) A small c^utlicr in the Kailaw Klo valley south of (a) 

{<■) On the left bank (»i ihe Tiplu Law near its junction with 
tin* Shwegym Cliaung. 

(r/) In the bed of tlie Tlielaw Klo at Fyiigiwpu. 

^rherc' appt'ar to liave Ih’cu two jiliases in the dojjositioii of the 
Alluviiun in ihe area traversed, ea,rli(T alliiviiun is found to 

eoniposi' llie low Hat fi(lg<*s in the valleys, and co?isists of gravel 
and sand eanped by a (hick layau’ of soil. The Tiiore ree,(Mit allu¬ 
vium is (aj)])ed eillter by liglit brown earthy alluvial clay or sandy 
soil witli layers of sarul and i;rav('l of a very much fresher and purer 
nature than that Umnd on the higlier ground. 

The pio])osed luiuicl lines incliKlmg tlui various alternative 
routes m.iy best be referred to muler the following heads : -- 

(J) Upper Shwegyin Uhaung Ueservoir to Kwila W'ith 

(r/,) llppci * {^vphon Janes at Fikodo Auk. 

{}>) Lower ) 

(2) Lratich from (J) to tlu! Lower Llaut Site above the Ijower 
Shwegyin Chamig li(\servoir near the jdinctioii of the 
Malaw Klo with the Shweg^in Chaung. 

(d) Lovver Shwegyiii Cliaung Ueservoir to north-west of L(*wa. 

(4) Pvagawim Ueservoir to Cower Ulant Site in the Kailaw 
Klo Valley. 


The timnel lines were. giMdogieally examined with a view to as¬ 
certaining {a) the stability and immunity from falls and (h) the 
immunity from loss of water through h'akage of the ]»i‘ 0 ])oscd tunnels. 

(a) The tunnels, Nos. 1, 2 and pass through granite except for 
about one mile of t.;etamorpliosed quartzitic rock^', belonging to 
the Chaung lUagyi seih's, whie.h are crossed by tunnels Nos. 1 and 2 
near Uokodo Auk (07" 1' 15"; 18^ 11' 112"). The granite is stable 
and the joints generally cross the tunnel lines obliquely. 

The jointing in both granite and the quartisite at the Upper 
Syplion Jjiiie is extensive, and Mr. Leicester considers that the 
tumiel should he lined as a protection against falls and h;akago for 
at least 100 feet on cither side of each crossing. Two streams 
are crossed and this necessitates a total length of lining of 400 feet. 
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Th(‘ t'IDuels should also be lined where they pass into the decomposed 
rock overhead, which they are likely to do if they ])ass less than 50 
feet below the surface. 

If the tunnel, No. 2, to the liower Shwegjdn Dam Power Plant 
(Malaw Klo) pass through th(‘ narrow point on the ridge (97° 0' t)if ; 
18° 1.3' 20") the hillsides should be drained to prevent slips and 
further erosion by the temporary .streams that are formed during th-j 
height- of the rainy season. 

(h) In the solid granite then; should be practically no loss of 
water ihrough h'akage as most of the joints visible at the surface 
will be elos<;d at th<; d(‘pth of the tunnel. Any op(;n joints met 
with, how('V(T, togethei- with the margins of (piart-/ veins and faults, 
must be well grouted. 

As already mention(;d the tunnel at the Upper Sy])hon Line near 
P(»kodo Auk should be lined on account of the number a!ul character 


t)f the joints in both the granite and the quartzitic rocks wliieh might 
give rise to falls. These joints which are open cracks in the rock, 
would, in Mr. Jjcieester’s opinion, allow a great quantity of water 
to (*seap<; if the tunnel were not lined. 

The assernldage of contact rocks grouped under the heading of 
quartzites and grieiss are hard ; some, surdi as the siliceous hornfels, 
will not be easy to excavate. They are sfablc and impermeabl(‘, 
but a number of ojien joints Jiiay be e.vpe(*ted and these shouhl be 
well grouted to jireviuit loss of water through leakage. 

The decomposed granite of the district juobably extends to 
an average depth of 30 feet below the surface. It is porous and, 
where the tumiel passes into it, will require lining. This is j)aTti- 
cularly necessary where the tunnels enter and leave the ground. 
A loss of head on account of the friction caused by the rough 
surface of the granite is anticipated. 

Tunnel No. 4, from Pyagawpu lieservoir to the Power Plant 
Site in the Kailaw Klo valley, is 0,100 feet in length, has a direction 
N. 20° E.- S. 20° W., and passes through a ridge of shaly slate 
which has a general direction N. 20° W.- S. 20° E. The strike 
of the shaly slate is N. 15° W.-S. 15° E. The dip was nowhere 
visible, but it is presumed to be westerly in agreement with the dij) 
of the Hla<<‘s in the same ridge further to the north. 

The ideal section would be one in which the direction of the tunnel 
line were at right angles to the strikt; of the rock. In the present 
case the tunnel line crosses the strike obliquely at an angle 


D 
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of 41' which aliould he aulUcicntly large for the stability of tlic 
tunnel. 

Mr. LeiccstiT ■emark.^i that tluire shoiiKl bo no uccossil-y of lining for 
the pieveiition of falls in tlu; hard slate, but where the rock is deeoui- 
po.sed or soft, at the entrance and exit, the tunnel will need lining. 
The tunnel should have a circular outline and the walls should be. 
made as smooth as possible to prevent the water under pressure 
from [iressiug into the cleavage planes of the slate and tearing off 
small angular fragments. It is presumed that the water passing 
through the tunnel will not carry large (piantities of silt coar.ser than 
d-2 mm. in diameter. 

'riu' tunnel should be satisfactory and sale from falls under a 
hea.d of 50 i(‘et as re<(uired. The rock is im^iermeable and there 
should be no fear of loss of water through leakage. 

The rock at the Upjier Shwegyin Clhaung dam site is a inc<iiuiu 
gramed biotite-granili; traversed by dykes of horniilende granophyre 
and occasional (juartz veins. Tlu' general direction of the joints 
IS parallel to the direction ol tlie dam line. About half-a-iuile to 
the north and north-west slates overlie the granite; these are 
tiu' slate facies ot the series of ipuirtzites and slates mentioned by 
Mr. Clegg in his report as probably belonging to the Chaung Magyi 
series. 

Most of the granite at the dam-site is decomposed to consider¬ 
able dejjths, and trial pits along the main dam line on the right bank 
leveal solid granite between 18 and 33 feet. On the left bank, 
which is particularly unpromising, no solid rock has been reached. 
The slop(‘, unlike tliut on the right bank, is liacketl by a very sleisp 
ihlge rising to a lu'-iglit of 4,000 feet above sea level. The lower 
slopes are partly compo.'^ed of .-.crei', and the granite has been greatly 
deeomjiosed by the water collected on the ridge beliiml. ft seems 
that all this wattir does not reach the main chaimg by stnainis but 
soaks into the hillside which forms the left bank ol the Sliwtgyin 
Chaung at the dam site. The decomposed granite is poious and, 
owing to its sandy nature, is liable to be washed down by running 
water except where is thiokiy eovereil with vegetation. 

The luiiform iiuture and extent of the decomposed granite renders 
it comparatively immune from slips, the only danger being lliat 
of the washing away of the loose material near the surface, 'i'he 
decomposed rock on the right bank is more compact and therefore 
more stable. The groimd above the dam on either side should 
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be drained as far as possible in order to minimise further decom¬ 
position and prevent water from soaking into the dam from the side. 

From a geological point of \iu\v J\lr. L(^cei.stor consiilers the lino 
to be unfavourable. Tlie construction of a <lain upon debris and 
semi-porous granite is objectionable, and to reach solid rock the founda¬ 
tions on thol eft bank would have to be sunk to a eonsidcrablt de])th. 

The alternative line, across from the small stream-course on 
the right bank above the main dam lines to the stream-cjjurse on 
the left bank, res eals bare rock throughout nearly the whole length. 
The granite in the small stream-course on the right bank is a little 
ciushcd and one or two i>orous fractures are visible. If, however, 
the foundations of the centre wall of the «lam are sunk well into 
the roc.k there should be no trouble from leakage*. This line has 
the disadvantag<‘ of necessitating a long and irregular dam. In 
the case of a line from the stream-course on the right bank straighi 
across to the rising ground on the left bank, although there is con¬ 
siderable saving in length of the tlam, the rock on the hdt bank 
at this point is little better than that on the same side at the main 
dam line. 

On the right bank the depth at which sound rock will be found 
is known. It is revt'aled by the pits on the main <laui bin*. It 
seems that the best line w'ouM be one from the stream-course on 
the left hank across to the hillsides on tlu; right bank. 

The bed of tlu! Ujiper Shwegyin (’iiaung UeservM)ir, from the- dam 
line up to Longitude <)7° (7 30" jind up to the Kano Law glh mile 
from its junction with the Shwegyin (Jhaimg, is composed of granite. 
Slate occurs from Longitude 07'‘^ 0' 30" U]) the. Shwegyin Chaung to 
the junction with the Tiplu Law. The rock up the Kano Law is slate, 
and slate forms the bed of the Kailaw Klo within the. Kesiuvoir 
area except for some liniostoni! just north of the inei'iing of the 
'J'iplu Law with the, Shwegyin (3iaiiiig. This limestone is younger 
than the slate and overliijs it. It should not be the cause of any 
leakage. 

Mr. Leicester reports that both the granite and the, slate are, 
impermeable and arc highly suitable for tli<’- floor of a resf'rvoir. 

Tho Tiplu Law flows on granite and through alluvium resting 
on the granite, but near the village of Kawleido (between Lats. 
18° 15' 6" and 18° 15' 20") on the right bank of tlie s 'ream, is a 
hill of limestone; this is apparently outside the reservoir area 
sineo the 2,000-foot contoiu: is much lower down stream than is 
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shown on thf 3 one-inch map. Fi<'kl cvj(l(3ncc is slight hut c\n>ii 
if th(5 water were to come up as far as this point it is unlikely tliat 
any considcrabhs quantity would be carried out of the catchment 
area. 

The banks of the reservoir are stable exciopt at the t*nd of tlui 
ridge on the right bank of the Shwegyin Chaung a))out one furlong 
north of the main dam line overlooking the stre.tch of alluviinn 
through which the chaung meanders. Here slips had occurred 
and further slips may be expected, but these, it is thought, will be 
small and will not have any serious efTcict on the; roserv^oir. The 
decom[)osed granite which forms the banks of the reservoir as far 
as the Kano Law is liable to be waslusd into thi3 reservoir causing .i 
certain amount of silting up if the vegetation h(‘re be not (‘.ncou- 
raged to grow down to the. water level. 

The trial pit on the low saddle passes through sandy and argil¬ 
laceous decomjwsed granite and reaches a depth of li5^- fee witii- 
out striking solid rock. The argill.iceous dcicomposed granite is 
impermeable or nearly so, but th(3 sandy decomposed granite is 
porous. If an iin})erm('aljle wall were made with its louiulai.i-in 
in the clayey decomjiosed granite there shouki he no loss of water 
through leakage, but the compaiMtivcl}’ soft rock will give .s’lglilly 
under any great weight ft is dillieult to say at what depth solid 
rock would bo found if required. It should not be exp(‘et(‘d at a 
lesser (k'pth than fiO feet. 

For the fiOwrer Shw'egyin Chaung dam there are two altermitive 
sites both of which are situated on fine grained biotitc-granite. 
On the upper line sound rock is exposed on the left bank but the 
right bank is composed of alluvium and talus with large boulders 
of granite resting on the granite. The dam foundations will of 
course have to be carried down through the superficial deposits 
which appear to be about 30 feet in thickness. 

On the lower alternative dam line good medium to fine-grained 
biotite-granite. is exposed on tht3 right bank and on the left hank 
is the steep slope of a granite hill on which outcrops of granite are 
visible, there being but little decomposition of the rock. A large 
bed of boulders occurs in mid-stream. 

The Lower Shwegyin Chaung licservoir Area lies entirely on 
granite which is coveri'd in places by talus with large boulders and 
alluvium. The granite is not highly jointed and although the 
joints cross the direction of the dam line obliquely, since they 
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arc not open cracks, no water is likely to be carried from the 
reservoir. 

The new Thelaw Klo dam line is farther down stream than the 
lino ox.Tminod by Mr. K. L. (>. Clego in 1922, being about. J mile N. E. 
of the V shaped bond in th<* Thelaw Klo, S.E. of Pyagawpii 
(117” 7' V : 18” 20' 5 ). Outcrops of solid slate occur on either bank 
of the stream, th<' sIojk's of the valley arc stc'cp and stable and the 
hillsides nr(‘ covered with trees ainl undergrowth. Trial pits on 
eitlu'r slop(‘ have riNichcd solid or Jiearly solid slate at reasonable 
d('(»ths. 'riiough solid unaltered slate has not been reached in 
e\ery <asc the rock met with is tirm and impermeable and capable 
of beaTing coiisidc'iable weight. The weathered slate makes a 
g(«)d impt'rmeable clay. This Mr. Leicester reports, is an ideal 
site for an cart hern dam and should be satisfactory for a masonry 
dam provide<l with suitable foundations. 

The site, for a s])illway into the Thelaw Klo is in a ool situated 
1,71)0 feet 8. E., (d tlui Thelaw Klo dam site. The trial pits which 
have been sunk along the line show soil and residual clay overlying 
dec()m[)Os(^d slate on either side, and the centre pit which has been 
sunk to a depth of over -10 feet })asses through brown resi<lual clay. 
The rock is impermea)>lc and the slopes of the valley otg stable, 
1’hc site is geologically satisfactory. 

The site selected for the Kailaw Klo stop-gap dam is situated 
not so close to the divide as that previously inspected by Mr. Clegg, 
The rock here is slate with a strike N. 22® W.--S. 22° E,, and a 
vertical dip. Tie trial pits like those at the spillway reveal clay 
and decomposed slate. The aides of the vallCy are stable and the 
clay and decomposed slate are impermeable. The site is satis¬ 
factory. 

The iK'.w site selected for the Bilin stop-gap <lam is farther to 
the south than that previously e.xamined by Mr. Clegg. It is 
situated about ^ mile N. W, of the point where the Bilin Chaung 
reverses its direction from a northerly to a souther'y route, about 
2,' miles S.E. by S., of Pyagawpii village. Trial pits show a 
capping of soil followed by alluvial clay with intiirbedded gravel 
resting upon the residual clay of the slate series beneath. To 
the south there is a sudden drop of 75 feet to the Bilin Chaung 
beneath, exposing a cliff face of slate capped by alluvial clay with 
interbeddod gravel. It is here that the Bilin Chaung changes its 
direction from N.W. to S.E. by S. It appears that the upper 
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waters of the J^ilin Cliaiiii" did not originally belong to that stream 
but tlo\V('(l iiorl liwunls into th(; Tholaw Klo along the now prac¬ 
tically dry allnviiini-covcivd valley in which the proposed dam site 
is situated. The Bilin Chaung must, in cutting its way back, 
have ca|)tnred the. upper waters of the former stream. Tt has 
since, gone on cutting its way downwanls through the alluvium 
and the underlying slates until at the bend it is now 75 foot below 
tlie valley of the former stream. 

The trial pits appear to have passed through the alluvium and 
reached I'i'sidual clay and, as th(' dam site is as much as 1,000 feet 
from tin? clilT face. th(*ro should l)e no f(;ar of leakage of water through 
layers of gravel. The couni,ry rock is slialy-slat<3, the hillsides 
are stable and the clay met with impermeable, so that the sit{i is 
satisfactory geologically. 

The Pyagaw{)u reservoir ar(^a is contained in a long and broad 
valley, the northern ])ort.ion of which runs N. —S. and the soiitheru 
portion N.N.VV. S.S.R. The Thelaw Klo meanders through this 
valh'v in a gcmeral westerly direction and is mc’.t by tin* Peh^, Law 
from the north au<l by a seasonal stream from the Bilin gap in 
the south. 

The floor of the valley is covered by thick and fertile alluvium 
and the hills on either side consist of slate with a general N,-by-W, 
strike. The dip is steep anrl sometimes vertical; in general it 
is incliiuid ste<’,ply to the west on the western side of the valley and 
to the. east on the easti'rn, thus indicating that the Pyagawpii valley 
is probably a denuded anticline, with its axis running N.-by-W. to 
S.-by-K. 

In the centre of the valley blue and white limestone crops out 
in the, bed of the Thelaw Klo. This limestone, like that in the 
Kailaw Klo valley and the limestone described by Mr. Clegg in 
his report on tliis area in 1922, would appear to be an outlier of the 
Plateau Limestone which originally covered the area. The lime¬ 
stone is situated completely within the reservoir area and, being 
younger than and lying on the top of the slates of the Chaung Magyi 
sericvS. it cannot be the cause of any leakage. 

Mr. Ijcicester finds that both the floor and the walls of the im- 
jionnding area are impermeable. The alluvium is mainly argilla¬ 
ceous and only slightly arenaceous and the foundations of the dams 
will in any event be carried down to the impermeable slate series 
so that no leakage need be anticipated. 
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The slate scries also forms the walls of the impouiwling area. 
The clip is outward l)ut, as the series is quite inipermeahle and there is 
no trace of faulting, the rocks shoulcl ])rove quite water tight. 

The hill-sides are stnhle and not liable to falls with the excep¬ 
tion of siuall iininq^ortaut earth slips which may occur on the west 
side of the valley just north of the site for the intake of the tunnel 
to the Kailaw Klo power plant. The reservoir area, is reported 
ns geologically satisfactory. 

The Power Plant sites and Penstock linens examined w^erc in 
every case satisfactory g(*ologieally. The Penstock lines, except¬ 
ing the line in the Kailaw Klo valley, (lesc(‘nd steep granite spurs 
covered by large granite boulders which appear to be firm and are 
not likely to fall except in the event of fin earthquake of cxcejitional 
s(‘vcrity. 

1 he liiu* to the Power Plant Site in the Kailaw Klo valley 
descends a hill side of slate which is stable and not prone to slips. 
The power plant siie is situated on firm limestone near the, left 
bank of the Kailaw Klo. 

The Lewa-Pyagawpu area displays the most striking changes 
brought about by chemical decay or decomposition. Humic acids 
appear to be. responsible for very considerable rotting of the rock. 
Mr. Leicester notes that, from a study of the trial jiits sunk on the 
Upper Shwegyin Chaung and Thelaw Klo dam-sites, one cannot 
but, notice the great depth to which the rock is decomposed on the 
thickly wood<'d hill sides, and the comparatively fresh condition of 
the rock in aj»d near the banks of the streams where the ground is 
well drained and the rock washed by the comparatively fresh water 
of the str«‘am8. 

It has l>ecn observed that though the trial pits sunk in the course 
of the work carried out by tlie Consulting Engincer.-> in the Lewa- 
Pyagawpu areas originally reached solid rock, in many ca-ses the 
rock at the bottom of the pits was found to have become soft after 
a short time. This is undoubtedly the result of the action of humic 
acid carried by percolating water. It appears, therefore, that in 
order to preserve the rock from decomposition it is necessary cither 
to remove the vegetation which is the source of the acids or to design 
a system of drains which will prevent the acid surface water from 
coming into contact with works such as the shoulders of dams and 
the entrances and exits of tunnels. In the hot and very damp 
jungle of the reservoir area dense undergrowth springs up in, a very 
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tthort tiino so that to keep the hill-slopos perpetually cleared would 
involve eonsidcrahh*. labour and heavy maintenance charges. Mr. 
heiee.st(*r agrees with Mr. K. J. Bradshaw^ that in practice it will 
be found best (o elYect a com[»romise. between the two methods. 

Owing to the decomposed stale of the surfatuj rock the dams 
will necessarily have to be carried \v(?ll into the hill sides until solid 
impermeable rock is reached. Th('. hill-sides above the engineer¬ 
ing W(»rks should be very thoroughly draimul in ord(!r, as far a.s 
possible, to divert the surface wa.ter from the works. 

B»‘si(les tl\(‘ drainage system th<‘ ground iji tin; immediate vici¬ 
nity of th(^ shoulders of dams and similar works should be kept strip- 
pe(l of all vcg«‘talaon ; iu addition the ground at the entrances and 
(*.vits of tunnels shoidd be proteet<‘.d with (;oncre,te. 

B(‘fon“ the reservoir is llllcd the ))asin shouM be eh*ar(‘d of W(‘eds 
to y)revent pollution of the water by a mass of decaying vogetatiou. 


On the nth August, 11)20, a disastrous land-slide ocaairred in 
the Waiier Oorge, near Tiger Camp of the Bawdwin Min(‘.s, Up[)er 

I aiidslJp (11 the Waller carrying away stwcral hous(is and 

(iori^e, Bawdwin Mines, causing fatal injuries to forty-tive persons. 
Namtn, Burma. response to a re(pi(‘st from the Chi(if 

Tnspeetor of Mines to the (leologieal Survey of India for advice as 
to the (tause of the slip and the avoidance of similar acahhuits iu the 
future, Dr. J. Coggin Brown was deputed to examine the ground 
in th(5 month of March, 1927, 


Waller Gorge contains the coolie (piarter of Tiger Camp and is 
a narrow V-shaped valley formed by a small tributary of the Nam 
Pang Yun, the affected portion being close to its junction with 
the parent stream, and lying entirely within a group of ro(;ks to 
which Dr. Coggin Brown gave the name “ Pang Yun Beds ” in 
1914. These strata are in absolute conformity with the fossili- 
ferous Lower Naimgkangvis of Ordovician age above them, and 
pass without a strnligraphical break of any consequence into the 
Bawdwin tuffs and rhyolit(‘s below. The.y are quite unfossili- 
ferous and their age is (*itlier Lower Ordovician or Cambrian. 
Quartzites, shales and slates of various kinds are the prevailing 
rock types with the. former predominating in the vicinity of Tiger 
Camp. Owing to the proximity of the great overthrust fault of 
Bfiwdwin the quartzites are often broken up into small cleavage 
fragments, and there is other evidence of the severe shearing stresses 
to which the rocks have been subjected. 
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As a consequence of the steep easterly dip the eastern side of 
Waller Gorge forms a high scarp in which tho Inokeii edges of the 
Pang Yun quartzites are visil>Ie. On the western side of tlie gorge 
the smooth stratification j)lanes of the qiinrtzife can he seen dipping 
at high angles inio the valley below. Where the dij) is not too 
steep, the rock is covered by a varialde thiekne.ss of light sandy 
soil, full of small fragments of quartzite. When the steep di]) 

is taken into consith'ration, it is rt'inarkable that these awiininla- 

tions of debris can remain for long in the position they occupy, 

for tluM’(‘ is litth' cohesion in the material its<*If. The surface 
i’overing the grass and vegetation doiibth'ss acts as a j>rotective 
ag<*ncy in this respect. 

Tlie raiididl throughout Burma in August, Pd2C, was pln'iiomcnal 
and unprece<|ented. On tin; Hth, Ibtli and 16th a record 
total of ('ight-and a-half inches fell at Bawdwin Mine. After 
a car(*ful examination of the site Dr. Coggin Brown came to the 
decision that wati‘r was the chief cause of the disaster, which he 
describes as a true soil-cap slip commencing possibly as a creep— 

th(‘ usual soqueiK'e of evtaits in movenumts of this kind. He 
points out the necessity of distinguishing carefully between such 
soil-cap slips and true rock slides. In the case under consideration 
there was no mov(‘nienl of the underlying rock. 

Weathered rock debris such as has been described above ab¬ 
sorbs rain-water easily ; the greater part of the water remains in 
the decornjiosed Iay(;r and, flowing along between its low(‘r surface 
and the underlying (piartzite, finally issues as springs at the bottom. 
The [ircsenee of large quantities of water in such mat<irial makes 
it more mobile, the springs cominence to erode the " toe,” and the 
coetficic'nt. of friction is reduced until the mass is in a state of un¬ 
stable equilibrium. A heavier burst of rain completes the cycle; 
gravity a.s.serts itself and the whole .sodden mass .slips down the 
slope, gathering velocity as it does so, until, like a flood from a 
breached dam, it sweeps all before its path. fn the case under 
consideration about 150 feet of railway line, with sleepons complete, 
were carrifnl away and seem to have exerted a plough-like action 
which arjceniuated the general destruction. 

As a general rule tluj dips are inwards, toward.s the valley, and 
vary from about 45° to 75°; in exceptioTial ca.se3 the rocks are vor¬ 
tical, and there is some variation due to rolling and to the proximity 
of the overthrust. The dip is thus higher than the angle of slope 
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of tho, flidos of thn ravino. Parfciriilarly notiocablo arc the big 
expiinsoM of smooth, almost polished surfaces of tlie stratification 
ydaiies of tlic (Hia,rl-zites where the eov^ering Ijas been removed. 
Dr. (foggin Hrowti could find no evid<‘nee of a,ny particular zone 
of slialtcring. lb; iioticcd that north of the. slip the sides of the 
ravine are less steo]) and appear to hav(i flattcmod to the angle of 
repose. The present, slip a[)pear(‘(l to him to be but a small incident 
in the host of similar evusits Avhich took place on the hills around, 
many of them on a miudi larger scale. 

nill-sid(‘s formed by stecy) dip slopt's and covered Avith porous 
soil caps cannot bo regarded as stable in rainy weather in this re¬ 
gion. At the best of times they aref insecure; during torrential 
rains they become dangerous, particularly if a stream is eroding the 
foot of the slope. The hills around are undergoing active denu¬ 
dation and are changing their shapes and contours as (piickly as 
natural agencies can accelerate the process. Phenomenal varia¬ 
tions in the sub-jerial conditions to which such unstable syst.ems 
are exposed must result in unusual consequenc('s. The VV^allcr 
Dorge slip was one of these. 

In Dr. Coggin llrown’s opinion drainage as a treatment for the 
case is rendered irnjAossible by the local conditions at Waller Gorge 
and he suggests that dwellings which are. in perilous situations 
should be moved to safer locations. TTo considers it unlikely 
that the present slip will c.''tcnd, though a certain amount of loose 
matcirial will be washed down during succeeding rainy seasons. 
To the north the ground is safer by reason of its lower inclination, 
while to the south a solid rock “ toe ” is exposed for some little 
distance down fcln^ line. As a precautionary measure Dr. Coggin 
Brown recommends the removal of the two barracks which at 
present occupy sites near the southern lower edge of the slip. 

A scheme for the generaiion of electrical energy at the edge of 
the Cardamom Hills, in the Tinnevelly district, is under consider- 

l>apaiias.nn Hydro- Madras Government and Mr. 

niectric Project, Tlnne- W. D. West was deputed to examine the 
vclly district; Madras. geological aspects of the scheme. Power is re¬ 
quired chiefly for the establishment of paper mills near Papanasam. 
For this purpose it is proposed to conserve the waters of the Tambra- 
j)arni river where it emerges from the hills by two reservoirs. The 
main reservoir will require a long and rather costly dam. It is 
more economical, therefore, to divide up the area into two parts 
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and to oonscrvo tho waters of the higher streams by a second reser- 
voir further np tlie valley, for which a shorter and cheaper dam 
will siiflice. This will enable tlio main dam to b(' ke[>t as low ns 
possible, and will at tho sann‘ time utilise tl)o vhole of the catch¬ 
ment area. 

The low^er of these reservoirs will ocenpy the ground above and 
below Mnndanthnrai (77' 21'; 8'^ 41'), tln^ snggcstc'd dam site 

being the narrow ridge of rock that (aits tlui main road about half- 
wav ])ctwe(‘n tho s('cond and third milestone's, Tho dam site', of 
the u]ij»er re'servoir is situated a. little south e»f the* eighth milestone, 
wdiere the rive'r passe's through a narrow gorge*, shortly afte*,r its 
junction with the Kari Ar! 

As regards the lower clam site, its full height at the deeijie'st 
point will be about 117 fec'.t, and the length of the main dee]> por¬ 
tion about 3,000 feet. The rocks of this distri(,'t are coarse-grained, 
gneissoso biotite granites, rich in pink garnets. They strike? 
W. 30" N.—E. 30*^ 8., i.e. a[>proximately parallel to the length of the 
dam. Mr. West reports that the rock is sound, but well jointed. 'I'he 
je)ints. though ofien at Ihc surface, wn'll jerobably be found to be fairly 
tight in d(!j)th, though trouble' may be eneeumtered locally. One 
or two pits have bo(*n dug along Ihc site, and examination of them 
shows that the site is (jiiitc practicable. There is also a suitable 
saddle for the discharge of surplus water. Tho ejuestion of (*ost, 
however, is an imjiortant one in a scheme of this kinel. As the 
rock is the same throughout tlie site, it is suggestesl that two dee]) 
trenches be dug right across it, rather than a number of small ones 
along the whole length. It is thought that the information ob¬ 
tained from these should be sulhcient to (‘nal>le the cost of the whole 
scheme to be estimated fairly closely. The local st(3no should be 
suitable for construction. 

The dam for the upper reservoir will have to ho about 185 foot 
high and about 850 feet long. This sito also is ])arallcl to tlio strike, 
and is located at a point where the valley narrows considerably, 
tlio constriction being due to a bed of charnockito which has be(*n 
intruded along the strike of the country rock. The luttcr is mainly 
an acid gneiss and has a rather pronounced b(‘dding wliich 
dips dow'n-stream at about 25”, so that the charnockite outcrop 
is V-shaped, j)Ointing dowm-stn'am a little obliquely. It thus comes 
about that the left flank will be entirely in charnockite, while the right 
flank will be partly in (djarnockite (the lower two-thirds) and 
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partly on llu* arid fruois.s, ft is not. anticif)atcd tliat the junction 
of the (wo rocks will he a source of danj'cr, and the site as a 
W'liole was cojisidered hy Mr. W<‘st to be very satisfactory. 


1’h<‘ [Mnjikave llydro-JOlcctrio Project is located in the T’alni 
hills, l(( to ‘JO miles wa'sl of tile hill station of Kodaikanal. Tin' 

PlnjiknvcIIydro-nicc- obtaiiu'd is likely to be used for the 

(ric Project. Pain! Ilills* elec(ri(ication of the railway in the Madura 

schemes, all of which howev'er, are not, absolul-ely nccess.uy for 
its siK'cess. I’lu' ('xaminatiou of tin' <^('ological side of I hesi' sclnatu's 
also was entrusted to Mr. I). AVest. 

AluMit lo itiiles w('st of l\oda.ikanal a small res('rvoir is alr('ady 
in e.\ist<'in‘e. This is situated on a low' watershed, separating 
the stn'ams with a. N.W. trend from thos(‘ tlowin^ to the tS. and S.l^. 


Tin* main i(h'a is to impound the w'aters of the nort h w'estei b- 
flowing/ streatns by four darns, and to convM'y tin* w'ater by a 
flume chantn*! and a (uniu'l to the northern ('tine of the lulls, vvhenj 
a fall of about. 1 TbO fet'l can be obtained. The four reservoirs 


are named : the tJ|)j)er Koniar, the Lowa'r Koniar, the Kodiye- 
tanar and the I’ulavachiar. 


'rh('r(* is an alternative scln'iin* by w'hieh tin* waters colkct.(?d 
by tin* rpp(*r Koniar dam can be conv('yed into the existing reser¬ 
voir, ainl thence by a channel for about a mile to (he south-east 
of Pa'iijam, wln*re a fall of about 5,000 fei't cun be utilised. 

Tin* rocks throughout the district are nearly evcrywdierc char- 
noekite. Tin* Low(*r Koniar dam site is the only (!Xception. This 
rock has ])«‘cu1iar w'oathering j)rojH'ities, which have become empha- 
sisc'd by tin* vc'ry long p(*riod to wdiieh tln'se hills have been sub- 
j('et<*d to denudation. AVlnui fn'sh it is a perfectly sound 
gr<init('dike rock, usually wtU jointed. It is, however, sometimes 
found weath('r(*d very dee])ly, the weathering proceeding ahmg the 
joints, so that eaibical mas.s(*s of fresh nxdc an*, left surrounded 
by comph*tely decomposed rock. Mr. West remarks that it is 
thus not ea..sy to predict from an examination of the surface of the 
ground the nature of the rock beneath. 

The lipjjer Koniar dam site is situated at the end of a remark¬ 
ably good reservoir site. Above the dam site the Koniar meanders 
through a wdde, flat, alluvial valley, which is ideal for the formation 
ol a rt*se.rvoir. The con.struetion of a dam here is, therefore, much 
to be desired. The dam will have to be about 70 feet high. 
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The rooks here, while apparently all charuoekite, show a rather 
coiispicHious bedding, striking along th(5 stream and Avith a steo'p 
dip into the left flank. While the left Hank of tliis site seems 
quite satisfiic bory, on the right flank the rock is deeply weathere<l and 
not at all suitable, Th(?re is a possibility of a better site further 
down-stri'am, but nothing definite can be said until excavations 
liave been made. 

waters of this reservoir can either be us(*d to supjilcment 
the Avaters of the other three rcsei’\mirs, or they can be u.sed .S(‘pa- 
r.itely and (!onv(iyed into the (,‘xi.sting n'S(*i’voir at lierijam, and 
tlieju’(‘ to the south-east to the h<‘ad of the pipe-line. For the. 
latter pin pose it would be neiiessary to convey the water from tiic 
south-east mid of the lierijam reservoir either liy an open flume 
channel or by pipes. Information was reipiirod as to the possi¬ 
bilities of (‘ither method, for the course to be lulloAved ha.s been 
the scame of several landslips. JCxarnination of the ground shows 
that landslips have occurred in the material formed by the disinte¬ 
gration (fl a banded giu'iss. Tliis proca'ss has proceeded very 
coinph'lely, forming a soft, bright red. powdery substance contain¬ 
ing jiatches of kaolin. It is this material Avhich lias slipped, not 
tJie fresh rock. Mr. West. howev(T. finds it impossilde, to jiredict the 
d(‘pth at Avhicli solid rock may be found at any jarticnlar jioiiit. 
In the eircimistanees the alternat ve possibility of putting down 
a pipe-line Avould .seem to be the only course*, shoidd it be desired 
to proceed A\ith the scheme. This would of course be equally 
subject to the i]l"(*flccts of the slipping, but would liave the ad¬ 
vantage tliat it could be repain'd rnon^ rapidly tlian an open tiume 
channed, provided spare pipes were kiqit on the spot. 

The Lower Kouiar dam site is situated just below wlierc Ihe 
Kaviiige-lvodaikanal road crosses the Talaivarai Ar. Tile dam is 
to be about 15U feet higli and «S00 feet long. This is the only dam 
site in this project that is not located entirely on chaniockife. 
The ro(dis vary considerably, but they consist in th(‘ main of biotitc- 
gneiss and charnockite, the latter varying from a very coarsi* sili¬ 
ceous variety to a flue-grained basic type. The strike of the rocks 
is parallel to the stream. The pits that have been dug indicate 
that, while the construction of a dam at this site is by no means im¬ 
practicable, it is clear that it cannot bo done cheaply. On 
neither flank does there seem to be any chance of finding solid 
rock up to the level of the top of the dam, however far one exca* 
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vated into the liill*si(lc\s. Jt is pos8i])le that the diQiciiltios could 
he overcome ]>y huildiiig ooly the central part of the dam to the 
full AvidtJg and extt'nding the narrower flanks of the dam into the 
hill as a concrete core, founded on solid rock, hut not necessarily 
ending against it. The siiitahility of this site for a dam really 
resolvi.'s itself into the qiu'stion as to whether the enhanced cost 
of a dam on such a site is worth while. 

The Kodiyetafuir dam site crosses the Kodiyotan Ar close to the 
road tt> Kodaikanal. 'Die site consists ol two rather rounded hills, 
cov(!ied mainly with grass, hut with roumhul outcrops of rock scat¬ 
tered about here and tliero. A verv com[)lcte scries of pits supplies 
all the iidonnalion ie([uir<.‘d. The height ol the dam is to he 15 i feet. 
This ar('a waa once all massive charnockili*. 

It is now almost com]»let«*ly disintegrated; an<l the misleading 
outcro[)s of rock seen scatteri'd over the surface of the hills are 
ri'ally relies of the ouei^ fresh rock l(*ft in a mass of soft earthy ma¬ 
terial, the disintegration h(‘ing nearly ctimpleti!. Mr. West re- 
])orts that it is (piite clear that any kind of large masonry dam is 
([uite impracticahle at such a site, and the, scheme must evidently 
he ahandoned, for there seems to he. no better site. 

The I'ulavachiar dam sU(' is situated a little way above wlu're 
the Vandaravu path crosses th(; Pulavaf'hi Ar. TJic stream here 
follows a fairly st-raight course, through a narrow valley, the high 
and fairly steep sides of which appear to provide an excellent site 
for a dam, which is to he about 180 feet high. The rock is char- 
nockitc, and owing to the steepness of the ground seems to he 
(piite fresh and sound. The site is a good one for a gravity dam, 
whil(5 there are also ])Ossihilitie3 for an arched dam, the cost of 
which would lx*, much h^ss. 

After the w'aters of these four ri'servoirs have heeu collo(;ted 
together, they have to he conveyed about three miles to the pipe 
line, and this involves the construction of a pressure tunnel, over a 
mile long, about three miles rurrth-wesb of Kaviuje. The riick 
forming the great(‘r part, if not the wliole, of the tunnel line is very 
probably charnockite. It is fairly well jointed, but appears to I c 
sound, forming groat vortical precipices. It has not the appear¬ 
ance of being deeply weathered, the topography suggesting masses 
of fairly fresh rock. lOxcept for the jointing, which may give 
trouble in the way of leakage, the rock is thought by Mr. West 
to be probably quite suitable for the construction of such a tunnel. 
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It will be better, however, if the course of the tunnel be slightly 
modified, so as to allow both a greater cover and a greater hori¬ 
zontal distance of rock to intervene between the tunnel and the 
surface, to withstand the pressure at two rather weak points. 


In response to a request from the (Government of Madras who 
arc considering the revival in a modi lied form of the old Tuuga- 

Dam-siic, Tun>i«- Irrigation project, JMr. Vinayak Iluo 

bliadrn river, Bellary was deputed to report upon the geological 
district ; Madras. as])ects of the scheme. 

Tlui country near Timiualapuram on the Madras side of the 
Tungabhadra River has only one ridge which comes within lialf- 
a-iniio of the river. The rest of the country slo})os u])wards to the 
hills soiiH} miles away. On the Bombay side of the river low 
hills extend along the northc'-rn bank and the hdl mass of >Shingtalur 
lies right on the bank of the river. 

The rocks consist of Dharwar ipiartzites, schists and banded 
quartzites with conglomerates and diabase dylo-s. Though there 
appears to be a repetition of the betls, it is not likely to affect the 
foundation as the beds are dipping at high angles. On either side 
of the Dharwars are gratiites and gneisses. The dam would cut 
across tlie Oharwars almost at right angles to the foliation planes. 
Ae.cording to Mr. Rao tJjis is the only pos.sible site for a dam for 
miles since, either np or down the .dream, the dam woidd have to be 
undesirably long. Most of the bods liere are impervious to wat(;r. 
Tlie site appears to be a suitable one, but trenches would show the 
nature of the foundation and a further examination of these when 
eonstriielcd will enable conclusions to be more deiinite. 


During the season Rao Bahadur M. Vinayak Rao was deputed 
to inspect the site selected for a dam on the Kolab river in the 

Daimsite, Kolab river, of Madras. The rocks at the 

Jcyporc I-statc, Viiaga' proposed site coiisist of eharu()ckit(*s of the 
pataiii ; Madras. variety. ^J'ln*.y liavii generally a north 

uiid south foliation and arc considered to be well suited for a dam 
site. 

In response to a request from tbe (government of the United 
Provinces Mr. A. L. Coulson was d(‘j>Lited to make a rc-examiua- 
Landslips, Naiiii Tal; tion of the condition of the hills in and around 
United Provinces. jn September and October. A 
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coiiimiftoe was oonvoin.'d to examine tlie whole question and to 
eonsider mon' esjM'cially I he following points:— 

(«) the inuijitenaucc of existing protective works; 

{h) th(5 need for further ju'oteetive works ; 

(r) existing observation stations and the need for adtlitioiial 
stations; 

(d) lake nigulation and the authority for its control; 

(e) authority for excavation, building and tree cutting; 

(/) tile assessment of rain fall ruii-olf, normal leakage and 
evajioratioii; 

(y) the verification of the catchment anai and tiu' qiK'stion as 
to wlielhcr or not the Snkha Tal an'a should be ijichided ; 
(/f) the nu*thod ot ealeulation of discharges and tlui assessment 
ol a reasojuible l]gnr<‘ for the rnn-off; 

(i) ttie method of recording rain-gauge, readings: 

{j) the removal ol the large rock above tlie East Laggan road 
and near Killariiey House : 

(/■J piiriodi. al inspection of the drains; and 
(/!) the examination of (.'harta Hill and Amparao. 

The findings ol this (ommittce will be j)nblished in due course. 
Compared with other flmialayaii li !l-stations, Xaini Tai has alw.ivs 
snflered nnusnall}' from land-slip. The root ol the trouble is a 
Inndamental < ne, namely, the lesiser degree oJ nietam'uphism undergone 
by tlie rocks comjiosing the liill-slopes. The suggi'stion of the 
H)07 committi'.e that the condition of the hill sides should be. re- 
j)ortod nj)on at inter\als of not more than three years, is one worthy 
of sup])ort. With some of the other memlxTS in sub-committees 
Mr. Coulson considered in didail items a, b,f, y, h,j und /; in addition 
he submitted notes relative to China Hill, the Hallia liavine, Kala- 
khan Hill, JDurgapur Power House and the Depot Itoad subsidence. 

The chief reason for the constitution ol the present committee 
lay in the fact that the Public W^orks authorities at Naini Tal w'cre 
unable to account for about 70 per cent, of tli(5 water falling in the 
catchment area of the lakt‘, the figure for the percentage nin-olf 
for 1025 being 30‘4 per cent., the lowest on record. As this figure 
is regartled as the index figure for the safety of the settlement, 
alarm was felt at its extreme lowness, more especially so as the per¬ 
centage run-oli for 1918 was 82 per cent., there being a more or 
less constant diminution since that year. 
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111 conjunction with Mr. Tunniclifle, Mr. CouLson was able to 
account for 73*5 per (;ent. of the water falling in the catchment 
area, by allowing for various losses enumerated below: — 

(1) The evaporation and absorption in the catchment area 

which, excluding the lake, equals 1095'5 acres, was 
calculated upon the basis of a “ liandicap ” of 30 in¬ 
ches on the annual rainfall which in 1925 was 98*48 
inches. It will be noticed that by adopting this figure, 
the rim-oft‘ from the area works out at about 70 per cent., 
i.e., 119,300,000 cubic feet. 

(2) The evaporation losses from the lake at, say, 5 feet per 

annum amoimt to 20,245,000 cubic feet.^ 

(3) For losses from the lake by springs, the figure taken was 

■125 galioiLs per minute, being the mean of two previous 
estimations by Messrs. West and Uoey: these came to 
30 million cubic feet.- 

(4) The water taken for Municipal jiurposes and for Govern¬ 

ment House, dui*ing 1925, was 0 million cubic feet. 

(5) The powcr-i)ipe discharges, as obtained from the Annual 

Iteport upon the Hill Sides around Naini Tal, equal 
31,220,000 cubic feet. 

(0) Th(; discharge through tlic sluices and overflow (the figures 
being obtaine<l from the same source as 5) amounted 
to 100,747,000 cubic feet. 

Taking into account the correction for dilfcrenco in lake level 
(7,191,000 cubic feet), the total vvat'Cr aceoimted lor was 318,321,000 
cubic ieet. As the rainfall lor 1925 equalled 434,091,000 cubic 
feet, the percentage ruii-olf thus obtained is 73*5 per cent, approxi¬ 
mately. 

As the figures assumed for evaporation losses from the lake and 
absorption losses in the uatchmeut urea are based upon very ap¬ 
proximate data, Messrs Tuimiclifle and Coulson did not think it 
advisable to take these iiguros into account in the annual calcula¬ 
tions for the ruii-oif. If these figures, accordingly, be neglected, 
a reasonable figure to expect for the percentage run-off in most 
years would bo in the neighbourhood of 50 per cent. It was thought 


^ 1^'roni a titudy of available records, Mr. Lylo assesses the annual evaporation from the 
lake surface as 3 feet 4 inches. 

* Gaugings of the spring*) made after the above was written indicate that the pro* 
bable losses by springs arc about 140 millim uub*'i feet of water per aunum. 


B 
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tliat little reliance couM bo placed upon the conclusions arrived 
up to date ami future calculations oi the run-oll should be based 
upon more rclia))le data. 

In a list eiiuineratingj|certairK additional protective works wliich 
were m bis opinion advisable, Mu. Coulsou mentioned amongst others : 
tlie nniioval o- tbe large rock (Craig j^Jtlllachie) which overlooks 
the Kast Laggaii rock ; the pro vis.on of adetpiatc drainage facilities 
on tbe threatened area in the vicinity of pillars Nos. Al, A2, J32, 
C2 and D2 on Kalakhan hill and the prohibition of cultivation 
in this area ; the total demolition of Durga Cottage and the sloping- 
off of the hill side, lollowcd by afforestation; the drainage of Sukha 
Tal; allorostatiou on the slipped areas of Charta and Manora hills. 

The rocks south of the fault line, which passes just below Clonlee, 
dij) N. 20° hj. at *15'; those north of it dip N. 35° Ji. at KV. The 
rocks m the vicinity of JJurga Cottage, therefore, have their max.i- 
miuii dip practically in the direction of greatest slope and less than 
the angle of slope. Conditions are thus exceedingly favourable 
lor a slip. Creat can* should be taken of the drainage in the area 
from Cleiilee to bklwinstowe ; this region is as dangerous as the 
“ dangerous area ” of 8her-ka-daiida hill. 

The general dip of the rocks forming China hill and to the south¬ 


west of China is Ixdweeji tS" and 10" in a S. W. direction. If tin 


were any general tendency to slip in this region, therefore, it would 
be to the far side of China away from Naini Tal. Shales with an 
interbedded band of dolomite form the hill; these shales are very 
well jointed and fractured, the resultant effect of two sets of cleavages. 
The result is that with wati^r percolating along the cleavage [ilanes 
and so dLsmembering the shales, fragments are coutimially lallmg. 
The scarped face towards Naini Tal is thus always tending towards 
vcrticahty in its u]>per parts whilst there is an increasing apiou 
of debris in the lower regions. 

The safety of the lower end of Naini Tal down to Durgapur 
depends upon tlie llallia ravine and its branches. At present the 
water in the liallia flows under control to tlie Fairy Hall drain and 
thence onwards its course is free. In the lirst part of its course, 
the Jiallia is not far distant from the lake fault and its general direc¬ 
tion is the same. The dip of the shales forming the eastern slopes 
of the ravine is usually towards the river and as the angle of dip is 
generally less than the angle of slope, the conditions tend to insta¬ 
bility. On the western side, however, the slates and shales dip 



Paki’ l.J 


Getuiral I{c}}orl for 1027, 


51 


under the dolomite forming the mass of Ayarpatta and the condi¬ 
tions arc far more stable. Thus steep slopes on the western side 
can be far more stable than less steej) slopes on the eastern side. 

Considerable trouble has lately been experienced on the western 
side of the Pallia between the Fairy Jlall drain and the Coolie Lines 
drain. The barracks on the level ground above this region have 
been badly cracked and wisely vacated. Down the scarped face 
towards the Ballia numerous cracks have appeared in the surcharged 
r(5vetment walls and a definite line of movement can be made out 
through the soil-cap of the main spur. Numerous slips have oc¬ 
curred in the lower part of this spur, the net result of which is to 
leave a scarped face which approaches vertioality. The whole 
area is distinctly unsafe. 

Rain-water, as usual, has been the chief destructive agent and 
tlie heavy rains of the current monsoon have added their quota 
of damage to that begun by the preceding rains. The soil-cap 
lias become sodden with water and this has percolated through 
to the shales Ix-neath. In addition, one of the lines of leakage 
from the lake exists almost at the junction of the shales with the 
tlolomite at this point. There is thus abundant undergrouTui 
water available to make sodden the rocks of the spur in questioji. 
The Pallia also cuts away the toe of the spur and more soil ajid 
rocks subside; to take the place of the material removed. 

The dip of the rocks in this region is about 20"" in a direedion 
N.75'"W. but whilst this tends to stability, the combiin;d effect of 
the auents of destruction (‘numerated above has rendered the natural 

O 

conditions powerless to pn^vent a gradual sinking of the spur. 

Mr. Coulscm did not think it [) 0 ssible to prevent tin; threatened 
slip and considers that a bmst of three or four days heavy rain will 
bring about the fall of the bulged soil-cap and probably parts of 
the spur as far back as behind the first godown. When the slip 
has taken place, new revetment walls should be built and the flow 
of the Palha and the P’airy Hall drain adequately controlled. 

The Durgapur Power IIousc was built upon tin; debris of tlie 
1898 landslip from Kalakhan hill, already described by Mr. Middle- 
miss.^ 

Though the landslip foretold by Middlemiss has not yet taken 


^ Report upou tho IviilaJLiuui XiantLlix^ ucar Naiui 'lak (jovermuont I'fcsa 
1898. 


Culoulta, 
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place, tlic natural conditions arc of grccit instability. The roelca 
of tins region are very cleaved ami shatte-red but the main cleavage, 
direction seems to be towards the Jiallia and the dip slightly less 
thaTi the angle of slope. With the Ballia continually doing damage 
at the toes of the spurs, the conditions arc ideal for a big land¬ 
slip to occur. All that seems iensible is to take such preventive 
means as are possible to delay a slip wliich is probably inevitable 
and which will catise great damage when it does liapp(m. 

(Jharta hill was the scene of a destructive landslip on the ‘iUtli 
September, 11121, and the present trouble is in brief due to the 
dilliculty ill controlling the water flowing over the ilJ21 slip debris, 
lieceut wash outs of debris iiave r(*,vealed rock in, aihi in tii<‘ upper 
part of the main stream-course Init its dip is not calculated to lend 
strength to the fouiiilations of any proposed wall across the ravine 
ill this region. Tri addition, the regions in the vicinity of observM- 
tion pillars Nos. 1, 2, and 11 will shortly fall and cause destruc;tioii 
to the uppermost retaining wail. The whole site of the Brewery 
settlement is far from safe. Mention has already been made of 
the probable fall from Ivalakhan hill; in addition, t he spur of (Jharta 
to the south-west of the .''ettlement is known to be conspicuously 
I raiiked. The spur between the Jlurgapur and Charta hill streams is 
far from safe and the spur overlooking the bridge on the Ilanikhet 
side of tlie Ballia has recently cracked. 

The subsiding area in the Depot Road is in a v.dley between 
two small spurs of Kalakhan. Ihovided that adccpiatc means are 
taken to prevent water entering the subsiding area at the fracture 
zone and in other plac(?s, Mr. Coulson thought it cpiitc possible, 
though not of course certain, that further subsideuce could bo 
prevented. 

Near mile 9 on the Kathgodam-Naini Tal road, much money 
has l>een spent upon constructive works to prevent further subsi¬ 


dence of the road but up to date, efforts have been unavailing. 
Mr. Coulson has described the geological conditions in this Aiuparao 
area in detail and has shown that though the argillaceous rocks 
at the main slip dip into hill “ 3,300 at about 7’ in a direction 
N. 50'^W., their physical characters are such that slips must take 
place. He also notes the existence of two faults in the area which 
have highly fractured the rocks and decreased their stability. 
The slipping surface is presumably the surface of the argillaceous 
material below the debris which is still in situ ; this is kept lubricated 
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chiefly hy percolation of spring water (h^rived from rain falling 
upon a cultivnted area hehi?i(l tlie hill and water from scleral stream 
courses which ])a.ss over the cultivable area. 

Provided that certain methods of drainage suggested by Messrs. 
Lyle and CVailson are followed and all cultivation stopped, it is 
thought that the slip may })ossjbly heal its(‘lf in time if the main 
wall holds, Mr. Poulson did not thinlc it })ossible to take the road 
higher uj; the slij) face, sij)(‘(‘ sound foundations were not obtainable 
llierc. lie also thought the exp(*nse of taking the road behind hill 
' .‘ij.lOO ” would be proliibiLve and it would add greatly to the 
length of road between Nnini Tal and Kathgodam. 

Mr. Coulson inspetded a rough })roposed alignment of the road 
on tin*, other side of the Naleiia river, and thinks that a road here 
is undoubtedly feasible, in spite of the fact that geological condi¬ 
tions are very similar to the Amparao side, except that on the Nalena 
side the rocks dip at higher angles than those on the Amparao side. 
There are thin bands of argillac(^oiis shales interbedded with sand¬ 
stone bands which will to a certain extent act as buttresses, but 
should surface water gain ac(;o8s to these argillaiTOus bands, it is 
(piite possible that the history of Amparao may be repeated. Geolo¬ 
gical conditions across the hJalemi were thought to be insuthciently 
favourable to warrant the abandonment of the present road and 
the latter should be maintained at least until proper drainage 
methods have been tried and found unavailing in the region above 
Amparao. 

Garnet. 

Garnets are described by Mr. Vinayak liao as plentiful in the 
gneiss one mile north of Kannamangulam (12 ’ 45': 79*^ 9' 30" 

Stirvey sheet 57 P/l) in the north Arcot 
disirkt : qj; J^adras, and might be useful lor 

abrasive purposes. 

Gems. 

Historical records of gem-mining in the Mogok district of Upper 
Burma date from 1597 A.D., though the industry must have been in 

existence for a long period before that time. The 
MoRok district ; Buraia, Tract was treated as a private estate 

of the Burmese Kings. A race of horiditary miners had evolved 
there and the metluuls of tlic liurmese administration, modified 
in accordance with the principles of equity, formed the foundation 
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on wliic]i ilio! ripper Burma Ruby Regulation of 1887 was laid 
down, jind on which the original lease, issued in 1889 to the Burma 
Unity Mines, Ltd., w«as framed. The main features of this leafie 
si ill persist. The interests of th(i indigenous ruby miner were 
liilly safeguarded under the, British regime. Licen.scs to win gems 
.‘ire granted to d<‘scendants of the old families and land for the. 
pnrpo.'ie is ullotbid to them as occasion arises. For some years 
Ihe company collected and retained the license fees, against whicli 
it paid a fixc<l rent and a proportion of its annual profits to (lovern- 
inciit, hut since 1909 the royalties collected by the company have 
been accepted by Government (less 10 per cent, commission) in 
place of the fixed annual rental. 

For some time the ruby market has been in a state of 
sevme diipression, and in 1925 the Burma Ruby Mines, Ltd., went 
into voluntary liquidation, after a chequcri'd career of over 86 years. 
At th(i request of the Government of Burma, Dr. Coggin Brown 
visited Mogok in December last to investigate the situation and 
to make suggestions for the future development and control of the 
industry. He has submitted a report in which the history of the 
company, its financial afl’airs and its relations with Government 
on the one hand and the native miners on the other, are ahly traced 
in detail, from tlio annexation onwards. Especial attention is 
paid to the technical progress which has been made, to the growth 
of modern methods of gcun-mining, to the causes of the depressions 
which have jieriodically upset the market and to the competition 
of artificial gem stones. 

Another part of the report deals with present and future mining 
operations by native methods, and contains recommendations re¬ 
garding the following matters:— the issue of licenses, the restric¬ 
tions limiting mining to nn liorediWy class, the liaison between 
the local authorities and the company, the complaints of native 
miners regarding the prohibition of explosives and machinery, 
tribating, the reservation of areas for the company, illicit mining, 
the curious local custom of Icanase—hy which women and girls en 
joy the right to remove gems from stream-beds, tailings, races, 
and mine and washery dumps without the payment of fees—and 
finally, to the question of the staff which must be created to super¬ 
vise native mining in case the Company expires. 

The concluding section of the report deals with future mining 
operations by up to dalt* methods. The present condition of gem- 
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mining in Burma is dno to the cumulative effect of numerous ad¬ 
verse causes, bwt exhaustion ol the gem-bearing deposits of the 
Mogok iSiotie Tract, as a wJiolo, docs not, in Dr. Ooggin Brown’s 
opinion, constitute ojic of these. Tlic tiact and the leased area 
cxt(‘nd over more than G(X) scjuarc miles, the greater part of which 
is occupie<l by gneisses and associated rocks of ^Vrcluean age. Traver¬ 
sing them are great bands of crystalline limestone which stretch 
from the eastern bank of the Irrawaddy to beyond the longitude 
of Mogok. Tlie sizes and positions of the more imx)ortant of these 
have been demarcated on LaTouche’s map of the Northern Shan 
States as far as a geological survey on a scale of onc-inch-to-onc- 
mile can exhibit them. A larger survey would probably reveal 
more of these limestone bauds. From them most of the precious 
and semi-precious stones, and all the rubies and spinels, have been 
derived. (The sapphires, for which a brisk demand exists to-day 
appear to come from another source—a rock which may be of peg- 
matitic origin but which still has to be studied.) Their weathered 
j)roducts, released as the parent rock decays, travel down hill to 
the stream-beds where they accumulate in the water-borne gravels* 
It follows from the existence of gems in such situations that they 
must of necessity occur also in the dctrital deposits of the hill-sides 
from which the true alluvials have been derived. The operations 
of the present Company, apart from early abortive attempts to 
mine gems from the limestone and a few inconclusive experi¬ 
ments on certain hill slopes, have been confined to removing and 
washing gravels from the Mogok, Kyatpyin and Kathe valleys. 
The actual system adopted is due to the work of Mr. A. II. Morgan 
who solved the drainage problem and so enabled the deeper deposits 
of the Mogok and other valleys to be treated on a largo scale. There*, 
are, however, other valleys in the Stone Tract, in particular those of 
the Kin and Khabine, in which gems are known to occur, and which 
deserve fuller exploration than they appear to have received hitherto, 
with the object of proving their value as hydraulic mining propositions, 
rather than as areas to be opened up and mined by laborious, costly 
and slow hand methods. It was not until comparatively recent 
times that the present system of breaking down the working faces 
with monitor jets and raising the material so obtained by hytiraulic 
elevators or gravel pumps superseded the older system. .About 
the same time the rotary pans of the washing mills appear to have 
given place to modified forms of sluice boxes. 
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Tile groa-test possibilities for the future, however, are believed 
to lie in the largi) scale tniaiment, on these lines, of the hill side^ 
diiposiis and a stretch of country usually known as the “ Western 
Slopes, ” in Dr. Cog^'in Drown’s 0 | inion, first merits attention. It is a 
somewhat indcdniti' arcji lying on that side of the -ranges between 
Jlernardinyo and Kathc which, judged by the amount of mining 
performed by natives in the past, is a gem bearing region of great 
extent. It is stated that large, parts of it couhl bo reached by tlie 
cutting of the B(*niardmyo ditch, a water channel surveyed under 
Mr. Morgan’s direction in .1921. 

Suggestions arc made as to the new form of lease which should 
be substituted foi- tin; old one in case these or similar operations 
arc undertaken in future. 


(ioI(L 

A minor industry in gold-washing is reported by Mr. B. B. (lupta 
to be carried on in the rivers of the Lower CJhindw'ln district, Burma, 
tower Chhidwiii dig- flow'ing from the Baukin Chaung and draiu- 
trict: Rurina. ing areas covered by Irrawadian deposits. 

The villages of Panktaik (22° 10'; Ol" 47' 30"), Thaminthat (22° 15'; 
94° 45' approx.), Zibindwin (22° 10' 30"; 94° 50' 30" approx.), 
Tuywa (22° 24' ; 94° 47' approx.), and Nyaungbinle (22° 20'; 94° 39' 
30") may be mentioned as ])laees where gold-washing is carried on 
after the monsoon. The industry dates back to before the time 

of King Mindon, The daily outjnit for each party of two or 
three men varied from ^tli to } loia by weight of gold (nearly 2’’ I 
and 45 grains, respectively). 

Gold has previously been reported from Kani (Burma Gazetteer, 
Lower Chindwin District, p. 116; AVe., LVW. Surv. Ind., Vol. XLIII, 
]). 250). Mr. Gupta did not hear of gold being actually washed at 
Kani but notes that the produce from the local ties noted above 
passes through this village. 

Auriferous quartz was reported to have been found at Mata- 
gondapalli (12° 37' 3o" ; 77° 44') about ten miles south-west of Hosur 
- , ,, i,. M f Balem district of Madras, where the 

rocks consist of the older gneisses intruded 
by the Hosur gneiss of Mr. Middlemuss, with included fragments of 
hornblende schists and some dykes. An assay in the Geological 
Survey laboratory of some of the quartz from tliis area, however, 
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showed no trace of gold. The chances are against the finding of 
gold qaart /4 in tliis area. 

Iron. 

•Several deposits of good ha?inatite, derived from the banded 
h;ematit(*. ((uartjjite, were mapped by Dr. Krishrian during the 

season in the Peiulalorv Slates of Bihar and 
Bihar and Orissa?**^ * Orissa. Some of the best, deposits are found 

along the P»onai-Keonjhar boundary. 

The shales of the Iron Ore series in Keonjhar State yield, through 
weathering and segregation ahin to lateritization, lumps and pockets 
of iron and manganese ores. Dr. Krishnan remarks that these arc of 
irregular, but fairly wide, distribution. The ores are of a rather 
low grade, but experience in the adjoining area shows that they 
can be worked on a small scale. 

Ironstone mining in the northern part of the Federated Shan 
States is carried on by the Burma Corporation Ltd. and the ore so 

obtained is used in the Idast furnaces at 
Namtii to assist lu the reduction of sulphide 
ores containing lead, silver, zinc and copper. 
For this purpose- they are essential, so that, although the quantities 
raised are small in comjiarison with those Avon in India to supply 
iron and steel works, the industry in the Shan States is a settled 
and important one and is lik'cly to continue so for many years to 
come. 

Early in 1927 Dr. Coggin Brown was requested by the Govern¬ 
ment of Buima to review the iron ore situation generally, and to 
pay especial attention to the questions of extension of known de¬ 
posits and the possible occurrence of new ores, for it is desirable 
that the iron ore reserves should bear some comparable relationship 
to the very large quantities of metallic sulphides which have been 
proved to exist in the great Bawdwin deposit. He has examined 
the Manmaklang mine and the various workings centred around 
Pauktaw and Naungthakaw in the Wetwin region and, in a detailed 
report on these deposits, has briefly summarized our knowledge 
of other outlying ones, thus bringing up to date the observations 
of Messrs. P. N. Datta, T. D. LaTonche, 10. L. G. Clegg and his own 
earlier work on this subject. 

The Twinnge deposit was probably mine-d in the time of the 
later Burmese kings but Mr. P. N. Datta was the first geologist 
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to draw attontion to the occurrenoo of iron ore in this neighbour¬ 
hood (21'^ 57': 0(r 25') ((icnl. Kep. (ienl. Sure. Ind.y 1899-1900, 
|)p. 121-122). In lOlO Dr. (loggin IJrown concluded that the ore was 
of a rcHidiial natuni and represented the ferruginous material origi¬ 
nally disseminated through that portion of the limestone which 
has been removed by denudation since the iShan Plateau permanently 
emerged from the sea in later Mesozoic times. Further experience 
confirms these views {Rcc. Gcol. Surv. Lnd., XLVII, pp. 137-141). 

The Manmaklang <leposit lies in latitude 22‘' 50', longitude 
97° 40,' and was described by Mr. E. L. G. Clegg in 1922 (Ric. Oeol. 
Surv. Iwi, LIV, pp. 431-435). Dr. Coggin Brown does not accept the 
earlier opinioiLS of the geologists of the Burma Corporation that 
it is of a residual origin, but regards it as a replacement deposit, 
the result of the action of iron-bearing waters of meteoric origin 
moving downwards through an exceedingly brecciated variety of 
the Plateau Limestone. Although Manmaklang still produces from 
1,300 to 1,500 tons of limonitic ore per month, it is rapidly becom¬ 
ing an underground proposition in which operations cannot be 
carried on profitably in competition with surface work on the true 
residual deposits elsewhere. 

The Kunghka ore body (23° 13'; 99° 19') is said to lie in a fault 
zone traversing rocks of the Pang-yung scries and to have been 
formed by the infiltration of iron-bearing solutions, resulting in the 
production of solid lueraatitc in a soft matrix of red and yellow 
limoiiite carrying s])ccularite and barite. The Kunghka haematite 
is still mined and used in the production of copper matte only. 

All the deposits of the Wetwin region are, in Dr. Brown's opinion, 
of residual origin. The Pauktaw quarry is close to the main railway 
line, some 4| miles south-wi'st of Wetwin station in the direction 
of Maymyo and about | mile from the log-washing plant of the Cor¬ 
poration. It was worked in 1920 and 1921. Originally the 
iron ore cropped out at the top of a small hill and as it was followed 
down, the excavation gradually increased to a depth of 36 to 40 
feet. Abandonc3d now on account of the increasing thickness of 
overburden it still displays faces of red earth with shots of iron ore 
in its lower layers which overlie an ore bed 8 to 10 feet thick, massive 
in parts but more commonly possessing an “ organ-pipe " structure. 
Bulk samples of this ore averaged from 56 to 57 per cent, of iron. 

The abandoned workings of Bawhlaing lie some two miles to 
the north-north-east of Pauktaw camp and from them appro.\:i- 
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mately 200,000 tons of good massive ore have been removed. It 
was a shallow deposit lying on the top of a limestone knoll showing 
the usual form of weathering. A typical analysis of the Bawhlaing 
ore shows iron 56*G, alumina 3*7 and silica 2 per cent. 

Active work is to-day being prosecuted on the Naungthakaw lease, 
which is situated about latitude 22® 10' and longitude 9G® 31', in shecit 
B 12 of the one-inch-to-one-mile survey, and six miles as the crow 
Hies to the north-west of Panktaw cfimp. It is on ground which 
slopes gently towards the valley of the Shwc-leik-ka to the south ; 
to the west is the higher land, attaining elevations of over 
4,000 feet along which the boundajy between the Mandalay dis¬ 
trict and the Federated Shan States runs. The lease is divided 
into a number of separate sections. In section A the workable 
ores occur between 3,050 and 3,700 feet above sea level, varying 
from thin bands a few inches thick in the north-west and south¬ 
east to richer stuff, several feet thiclc, distributed in three well- 
defined patches in the middle of the southern half of the area. The 
average thickness of the overburden in an open cut is about 8 feet, 
and under this is (5 feet of vesiiailar haematite. In Section B,„ 
the best part of the ore bed licuS on and about Kadut. Taw hill (ele¬ 
vation 3,780 feet). Thinning out down the slopes, it becomes very 
evident again in Section C at heights of between 3,()()0 and 3.710 
feet, with extensions into Section D. Much of the ore in these 
blocks is roughly rounded, ruhbly material, rather than the cemented 
solid ore of Section A. The Corporation’s J^ngineers estimated 
the original contents of Sections B, C, and D at 35,000, 50,000 and 
0,700 tons respectively : these figures do not, Imwever, include the. whole 
of the ore bodies but are governed by the economic factors involvcil 
in profitable extraction by prevailing methods such as dc()th of 
overburden, thickness of the ore band and quantities of injurious 
compounds like silica and alumina. 

An ore bed which commences in Section Tj and stretches across 
Section K at much the same contour levels is believed to contain 
some 35,000 tons. The open cuts display an extremely irregular 
surfacii of the underlying limestone, in the deep and narrow hollows 
of which pockets of brittle, rubbly haematite lie under G to 8 feet 
of overburden. Section M contains the southern portion of an 
ore bed which obtains its greatest development in Section I. To¬ 
gether they have been estimated to contain 66,000 tons. The 
overburden ranges up to 12 f(*(‘t in thickness and the greater part 
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of Ili<‘ nro liofi about tho 3,700-f()ot contour. Details of the ocenr- 
in llic mnainin^ sc'ctions arc p;ivon in Dr. Brown’s report. • 
Bx])!oitation ronnncncefl in 10-2. since when 35,000 to 40,(KJ0 
jo7is have been removofl per annum. All the work is opencast, 
lari'c areas beiriu; strip])e(l of ov(*rbnrflen and the ore bed systematic¬ 
ally r(moved. The Inr/'er picce.s an? liaiid picked, whilst the remain¬ 
der is flry-s(Teeried on the spot, carted to Ikinkiaw, cleaned in a 
loe-washino plant there and raihsl to Nam Tti. Operations are 
susjM'nded dnrint; the rainy season. The washed ore as railed con- 
taitis a])proxiniately- 

KeO 71 to 72*5 per cent, 

A1.0.,3*3 to 3*5 per cent. 

8iO.^ 4 to 5 per t‘ent. 

The Corporation is engat^ed in a prospecting campaign in the 
suri’onndiug country and as there are few surface indications of 
ore beds it is necessary to pit systematically across lik(‘ly areas. 
Beyond advising the intensification of the pitting operations and 
an (‘xten.sion of laeliniinary ])ilot holes towai'ds the ttorlli-north-east. 
Dr. Coggin Brown had no suggestions to make. As about 200,000 
tons have been ailded to the Jivailable r(‘S('rves as the result of the 
season's work, tlie present polic.y ap])ears to be justified. 

The ])rospe<;ts of oldaini^ig large tidditional siipplic's in the 
end)ayment of the Plateau Limestone, covering a triangular area 
of about 420 .square miles, with its ba.se on the railway line between 
Maymyo and the Ooktfuk Gorge, and its apex on the peak Hpataimg- 
gyi (3,504 feet) in Monglong, have been discussed by Dr. Coggin 
Brown. He belicve.s that the origin of the red earth mantle caii 
only be attributed to the, accumulation of the, insoluble matter 
in the limestone ibself in the cour.se of it.s degradation through 
weathering. If the red earth is a residual deposit its iron contents 
are also of the same origin. At one time disseminated in small 
quantities through the parent rock they were at first probably 
c(]ually well di.stribntcd through the red earth, and their concen- 
(ration into irregular beds towards the base of the clay is due to 
subs(“qucnt pro<'eHses which hav(' taken place in it since its forma¬ 
tion. TIut(? are no .sign.s that the iron ore formed any ldn7l of 
(oncen(rated de})osit in the limestone, neither are there the slightest 
judications in this type of residual deposit that it is of swamp or 
lacustrine formation, or ha.s been jjroduccd by any known kind of 
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replacement. It follows therefore that iron ore beds should be 
iouud in many suitable places botli ill this particular ernbay- 
Lueiit and on the plateau geiu;ra!ly, but the depth ol the red earth 
must be sulUcient for the cJiemical reactiojLs which have resulted 
in the concentrations to liave occurred, and the topographical con¬ 
ditions such {.hat they have not been removed at later pei:i<Kis. 

In ] 11.15 J.)r. (Joggin JLlrown predicted the occniTcnce of ore between 
Wetwiii and Padaukpin. It has been proved to exist but is of 
too liauxitic a character to be of any value in lead smelting. For 
some reason, which cannot be c:iplaiucd at present, the ores Iroiu 
the lower parts ol the plateau and also the pisolites which freipiently 
occur 111 the upper iay4‘rs of the red earth, are often highly 
alinmnouH and it is to the higher g<;ographical horizons and well 
drained g<‘ijtlc slopes at elevations such as those indicated that future 
attention shoidd be directcnl. A zone of country possessing these 
leatures runs almost completely round the embaymont, aj\d it is 
in tliis, not far from tlie boundaries of the older rocks and yet not 
too close down towards the batlly drained central area, that further 
extensions of these iron ore beds will be located. Such iron ore 
deposits are exceedingly irregular. The exhausted portions of the 
Aaungthakaw blocks show how variable the surface of the under¬ 
lying calcareous rocks may be. I'he general impression that it is 
a more or less level underlying table is entirely wrong for it is 
weathered into fantastic heights and hollows. One iirospecting pit 
may miss the ore bed entirely, while the next one, lauded on a hole 
in the limestone full of ore, may make an excellent and misleadin,^ 
showing. Close and careful pitting is (‘ssential before esthuates 
can be attempted, while hues of pits should not be stopped because 
one or two holes yield poor results in succession, instances are 
known in which a good ore sheet has thirmed away to practically 
nothing down towards an msignijicaut surface drainage channel, 
to make again in quantity on the opposite slope. 

Mr. P. Leicester was deputed to investigate the reported oc¬ 
currence of rich deposits of iron-ore near Mokpalin in the Thaton 
Tlialon dislrhl, district of Burma. The area, over which a 
Lower tsurma. prospecting license has been applied for is 

shown on the Survey of India ^-hich sheets U4C and 94G. 
The claim lies m the foot-hills of the Kyaikto ridge east of the Sittang 
Uiver in the Thaton district, and the area which has been prospected 
is about hfteen miles to the north-east of Mokpalin, a station on 
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tlio Moulmciii l^rujicli of the Burma]^Hallways, 80 miles from Rangoon. 
Only part of the area under consideration had been geologically 
surveyed ; tins had been done by Mr. R. JM. Datta in the Field Season 
of 1008-00. 

In passing north-(5astwardH from the sea up to the Kyaikto 
range the following rock series is traversed :— 

Alluvium. 

Laterite. 

Thatoji series (sandstones and shales). 

Igneous rocks :— 

Volcanic: Volcanic agglomerate. 

I Granite. 

Rlutonic ^ Contact-altered basic rock, 

(^Epidiorite and talc schist. 

Gnei.ss. 

’the s(;dimontaries of the Thaton series arc covereil with a thick 
cap ol latenbe in the neighbourhood of the coast but farther to the 
north-east there arc frccpicnt exposures of sandstones and shales 
with a general strike N. 20'" W.—>S. 20' E. and steep variable dip. 

About six miles north-east of Mokpaliii is a ridge known as 
Jvyaukpon Taung, running N. 20" W,—S. 20" E., showing exposures 
of volcanic agglomerate. The stratigraxihical relations of this rock 
are obscure but Mr. Datta^ mentions “ volcanic rocks, probably 
rhyolitic ” as occurring in this ridge. The association of agglo¬ 
merates and tulfs with rhyolite is a most natural and probable 
occurrence. 

Mr. Leicester considers that the talc schists, which occur in 
various localities within the area, are probably derived through 
the alteration of basic or ultra-basic rock. Microscopic examina¬ 
tion of the rock reveals talc with numerous small grains of magne¬ 
tite partly decomposed to hajmatite. 

There is a considerable artia consisting of green metamorphosed 
basic rock and it is in this rock that the iron-ore occurs in the form 
of segregations of magnetite in irregular lenticular ore-bodies or 
louses, which probably tend to run in a direction parallel to the gra¬ 
nite contact. This rock appears to have been intruded as 
a basic product of dilicrentiation from the parent magma of the 
granite of the Kyaikto ridge. 


*• Citiix&i'al Iteport for lUiO, iiec. Gaol. Hurv Ind,, Vol. XL, p. lOS. 
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Dr. L. h. Fcrmor examined certain specimens and microscope 
slides of the basic rock submitted by Mr. Leicester and came to the 
conclusion that the original rock was probably an augitc-plagio- 
clase rock, possibly a gabbro, and considers tliat the green meta¬ 
morphosed rocks may be ciassetl as epidiorites. 

Two occurrences of ore in aitu have been discovered by the proa- 
j)ectors. These comprise rich segregations of magnetite about thirty 
feet in width with a general trend N. 20"^ E.—S. 20° \V., but as yet 
no att(.*mpt has been made to discover the extent and true dircc- 
t'Oii of the oie-bodies. 

Else\sherc mmierous pits have^bcen^Jsmik through^tho talus and 
soil-caj) of the hill slopes. These pits have in many instances 
yielded detrital fragments of rich ore which have b(5en derived from 
ore-bodies jirobably situated higher up the slopes. 

Tlie amount of proved ore is small but systematic prospecting 
should not only rev’^eal the extent and nature of the occurrences 
alreatiy found ))ut should also disclo.se. some at least of th(J ore- 
bodies which are the source of the detrital fragments of ore scat¬ 
tered over the region. According to Mr, Leicester it seems pro¬ 
bable*, from ihe structural geology of the neighbourhood, that the 
ore-bodiis are lenticular and that they run approximately parallel 
to the granite contact m a roughly noith and south diniciion. 

Th(* ore is not in t he form ol veins or lodes and tlicre is no mdica- 
tioii of its having been thrust up into or having formed in fis.sures. 
It oeeurs, as has already lieen mentioned, in irregular, Icntieular 
ore-bodies or lenses, originating apparently by concentration and 
s<*gregation ot the iron in the basic parent rock. This implies that 
the orc-bodies will in all probability b<* ve.ry irregular and ol un¬ 
certain depth and their underground extent can only be accurately 
estimated by boring. The whole is capjx'd, except in the stream- 
courses, by a considerable overburden of soil, lateritc and talus 
which besides adding to the dilliculty of prospecting will increase 
the cost of its extraction. 

Mr. Sondhi reports that in tJu> neighbourhood of the village 
of JSIatyin Daung (Sheet 81 .1/11) the Plateau Gravel is remark¬ 

ably rich in round, hollow, ferruginous cou- 
which appear to have been worked 
for iron by the villagers not long ago. Slag 
heaps were occasionally encountered during the course of the exaiui- 
uation of the area, but active work has been discontinued. 
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North Arcut district 
Madras. 


Bands of Dharwara with magnetite were noticed 
by Mr. Vinayak Hao at Sottukiimi (Survey Sheet 
57 JV*3) in the north Arcot district of Madras. 


Manganese (see also Iron Biliar and Orissa). 

The lii.uigaiiese deposits of the Kanara district of Bombay were 
lurtiuT investigated by liao Bahadur M. Vinayak Itao, who reports 

a great (hsvelopmcnt of manganiferous laterite 
tSoimba^” iiciglibourhood of Castle Bock, extend¬ 

ing some distance to the south. Manganese is 
louiid re[)lacing some of the Dliarwar quartzites at the Bhagavati 
mine about 2 miles soutJi of Castle Bock. 

Manganese is iound in the laterite about 3 miles west of Amnod 
on the road to the Portuguese frontier. 

To the south and south-east of Castle Bock manganese has been 
noticed east of Ku Vesi and in the hill between Ivesarla and Titvali. 

Fsiloinelane, pyrolusite and wad are usually the forms of man¬ 
ganese met with in this area. iVn analysis in the Geological vSurvey 
Ijaboratory of the Titvali manganese showed as much as 5i per cent, 
of manganese. 

In the Belgaum district mang.uiese occurrences are chiefly con- 
lined to the south-west iiart of the Khanapur Taluk. They occur 
Belgaum dislrlcf ; i^i laterite over the Dharwars which here 

Bombay. have au rre.gular north and south direction. 

The chief places where workable quantities are found are: Talevadi, 
Amgaon, Jauigaon, Nerse and Kumbharda near Nagargalli. 

The ore occurs as a re.plaoinnent mineral in laterite and occurs 
irregularly in blocks thereof. In Talevadi it is present below the 
laterite on top as well as in the valleys where a detrital laterite is 
found. It is also found segregated as thin bands along the stream- 
courses. Wad or tlic powdery form is found on the hill at Jamgaon, 
where it occurs as a fairly thick deposit of about 2-3 feet in thick¬ 
ness. In Jamgaon and iVmgaon blocks of manganiferous laterite are 
found along the river valleys. 

The laterite on hill-tops due to the alteration of Deccan Trap 
does not appear to have any manganese. 

Mica. 

Mr. G. V. Hobson, whilst on study-leave in the United States of 
America, took the opportunity of making some enquiries regarding 
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niica, its distribution, utilization and consumption, and has sub¬ 
mitted an interesting report upon the subject. Mr. Hobson was 
led to the. conclusion that the mica-broker or middleman, although 
necessary to the trade, was absorbing a very large portion of the 
profits--a proportion sometimes well over one hundred per cent. 
This conclusion is confirmed by the surprisingl)'^ low average price 
obtained by the ex 2 )orter of mica from India. The value for the 
years 1922, 1923, 1921 and 1925 averaged little more than Re. 1 
per lb., the rupee at that time having an exchange value not far 
from Is. id. 

Mj. Hobson (oncluded that the elimination of the broker was 
only possible in the case of very large producing and consuming 
firms, (bie Americati firm has already achieved this result. The 
necessity of the broker arises from the fact that while the producer 
has for sale all sizc-s and grades of mica, the consumer in most cases 
requires only oik^ or perhaps two sizes of one particular grade. 
This means that the producer, in order to dispose of his whole out¬ 
put, must be in touch with consumers of all classes, and must be 
prepared to carry heavy stocks. The producer is, in fact, very 
much in the hands of the broker, and frequently has to accept the 
price the broker offers him. Any producer attempting to do without 
the brokijr with respect to one or more size's or grades of mica runs 
the risk of being boycotted by the broker with respect to tlie rest 
of his material. 

One, of the complaints made to Mr. Hobson regarding Indian 
mica was that occasionally a few cases of an orde,r were found to 
contain mica of a different size from that ordered. The excuse 
made by the exporter would l)e that, owing to shortage, a case 
or two had to be tilled with undersize mica and, to make up the 
average, a case or two filled witii oversize mica. An examination 
of the consignment, however, always showed a balance in favour 
of the exporter. Another complaint was that Indian firms occa¬ 
sionally went back on their quotation and, on the receipt of a repeat 
order, attempted to raise the price. Mica consumers do not carry 
very large stocks and have no time for bargaining. Such corres¬ 
pondence as the above, therefore, usually meant a placing of che 
order elsewhere. 

Mr. Hobson remarks upon the increased use of micanite, which 
is gradually replacing block mica in a number of uses. Two of 
the latter seen by Mr. Hobson were in the form of heater-units for 
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f'locfcric, irons and lamp shades. Micanite is made from splitbin<|s, 
f.ho production of vvhioli is at present almost a monopoly of Fridia. 
fn Sclienectady Mr. Kobson was shown the latest development of 
the manufacture of micaiiitc by machinery. Here mica-plate is 
being jnade with a now synthetic rosin, which may prove a serious 
rival to the shellac hitherto used for binding purposes and derived 
from India. 

During a vLsit to the Lacey mine in Ontario, the largest phlogo- 
pito mine in the world, Mr. Hobson was imprcss(‘d with the elfi- 
oioncy of modern machino, drilling and deep hole l)lasting. As the 
mic-a within the Indian pegmatites is much more scattered and 
th(5 dang(H‘ of damage to the mica correspondingly less, such mobliods 
should lx; eminently suitable for exploitation in this country. Shill 
is leijuirod in deter/iiining the blasting charge necessary to brealc the 
ground without shattering it. 

'flu;re is undoubtedly a toiuleucy towaols the greater utilization 
of mica for almost any typo t>f insulation problem. Micaiiite tape, 
flexible mi(;anito, moulding micariite, h(;at resisting jaicanito, etc., 
can be used for such purposes, exc(3pt where the insulating material 
must lx; poured into position. 

Considerable ed'orts an; ihjw being made in South Africa and 
other countries to market a lx;tter dressed and graded pro: I net, 
and should this be accompanied by the training of the ch(;ap labour 
available in the art of making splittings, tin; ludi.in position in the 
trade would to sotne extent be threatoiiod. 


Monazitc. 

IVlr Vinayak Kao noticed grains of monay.ite in the natural 
(‘.oncentrates formed by the river Kalab, Jeypore Kstato, Madras. 

Jcypore E.slaic ; A.S the area <lraine l consists mostly of char- 

^®‘*^*** nockite, it seems probable that the rnonazite 

was derived therefrom. 


Petroleum. 

Mr. B. B. Cupta, while surveying in the Lower Ohindwin district 
of Burma, noticed a seepage of oil about lialf-a-milc north-west of 

Nyaimgbinlo (22^^ 20'; 91*^ IVf 30") in the 
Pondaung sandstone close to the faulted boun¬ 
dary. Two other seepages were noticed in the 



Part 1.] 


Ocneral licporl for 1927, 


67 


neighbourhood and tlioiigfi not active at tlie present day there 
can be no doubt that th(iy weni ho at no reoDte p^riol. One of 
these seepages is umbjrstood to have been kvstetl by a trial boring 
without any favourable r<5sult. 


Pyrites and Pyrrhotitc. 

The pyrites deposit of Polur in the North Arcot district of Madras* 
nu‘niioiie<i on page 50 of the lierords of the Geological Survey of 

India, Volume LX, page 50, was further opened 
Mailnis' '*^^**^ iJistrat; ^p hy Fidd-Collcctor A. K. Oey during the 

field-season 1026-27. The pyrites occurs in 
lenticular bands between basic charnockifes and quarizit(!S of pre¬ 
sumably Dharwar age, and is associated with a pegmatite. The 
width is about hs>,t but is variabh*. Pits put down to a depth 

of 15 feet showed no diminution in width. J*yrrhotite was found 
in association with the pyrites which has been fransformcid into 
limonite at the surlace and sides. Opal w’as found as a thin film 
on the surface of the pyrites, concentric in sha]>t\ showing secondary 
dox»osition at the surface. 

An analysis of a sampit; of Mie ]>yritc,^ in the Geological Survey 
laboratory, made. })y Kield-Gollcctor Dry. gave iln‘ followijig nisulbs ;— 
SiO.I7-2S 


Af.Oj.8-72 

.17;i2 

FotMilpbiUir) .......... 3 r 0 t> 

Ni ........... Trace 

........... Trace 

MkO.102 

CaO.*98 

SO 3 . 0-91 

K . .. . 20I(» 


K.O. -18 

Na»0.1*38 

H,0 t.1*40 

HjO.*52 


100*93 


This analysis and the one made by Mr, V. 8. Rajagopalan (See. 
Hec. Geol, Svrv. I ml., LIX, j>. 50) give about the same amount of 
sulphur. The pyrites deposit occairs in lenticular patches and is 
likely to continue in depth. 

f2 
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Refractories. 

fclit'. field seadou. Dr. J. X. Duim miid<‘ an examination 
ol several deposifs ol aliiniinous refractories in Northern India, 
with the ohjoct ol obtaining .some idea a.s to the re.sourecs available 
in the eoiintr>. During the last lew veiii.-> the mineral.s .sillimanitf 
and hyanite have been found to posst^ss a particular value as re- 
iractoriciS hi the ceramic industne.s. It has been found that, on 
heating, these minerals eliange to a material called mullite 
(;>A1,( l^.'iSiO,) and a peculiar glassy material, in part cristoballite, 
tile foimet occluring a.s an intiieate network of lath-shaped crystals 
ni the. latter. Jf Iree Al.O,, e.y, corundum, is jiresent, thi're is a 
gjeatei amount uf mullite, developi'd relative to the. glassy lia.se. 
'I'he re.sultiiig (oinjiosite material has a rather low cooflicient ol 
expaii.sion, high melting jioint, and considerable strength at high 
tirnperatures. lbs jieeuliar pro]ierties render it ideal as a refrindory 
material. So far as is known India ])Ossesses far greater re.souroe.s 
of the ininerais sillimanite and kyanite than any other country. 

The deposits of sillimanite and corundum in Aws>am occur in 
the iiciglibourhooil of Soua i’ahai north ol the village of Nongina- 
. v\eit m Xong.slom Srate. The area may be 

\ In ^ ^ 

reached by motor lorry from (lauhati, Ih) miles 
vic.st as lar as Doko, thence 12 miles .south by bullock cart to Haima 
at the loot, oi the Khasi llill.s, and tinally some 2 days’ march south 
into the liills lor 2)1 riiile.s. ^I'Jie area is on the Khasi Hilts plateau 
and the. lieight abu\e .sca-lcve] is about 3.000 feet, 

file sillimaiule-conmdum ihposits are associated with .such higli- 
ly aluminous rocks as cordieiile-biotitc-fpiartz microcIine-gnci.ss and 
billimaiiie-tjiiaiti'-sejnsl.s. Ihe majority of the depexsits constst 
mainly of ina.ssive .dllimanite with a little lorundiun ; one or two 
are ultuo.st entirely of conuuliim and several are entirely of silli- 
maiiite. Imjniritics are not abundant and consist mainly of rutile, 
a verv little Inotitc, and iron ore. TJiere arc some thirteen different 
deposits occurring over a belt some 3 miles long by 1 mile wide, 
it i.s tjiiite likely that the belt extends over a greater length than 
that sur\eyed. 

In cst mating the quantity of material available it is difficult 
to enive at any definite quantity, owing to the peculiar “ segrega- 
tory ” nature ol the individual deposits, and to the fact that a very 
large amount of the material is completely decomposed. However, 
reckoning down to a depth of only 10 feet for the majority of the 
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deposits, Dr. Dunn estimates that there is at least a total quantity 
of 83,000 tons available, including float ore. This must bo regarded 
as an absolute minimum : the actual quantity could easily be many 
times this amount. 

Tn j udgiug their economic value the location of these deposits 
is a grave disadvantage, and under present conditions transport 
diflicultics would make freight high. 

The deposit of corun<liim-sillimanite in Uewa State, Central 
India, is near Pipra, a small \illage in the extreme soiith-eavst corner 
„ of the State, about 5 miles from its eastern 

Kcwtt 

and southern boundaries. The deposit is asso¬ 
ciated with .sillimamte schists and ])yroxeue-l>caring rocks. The bed 
of corunduni is about half-a-mih! long bv about 70 yards wide. 

Reckoning on an average dc.'pth of 30 feet, the total quantity of 
corundum available was estimated by Dr. Dunn to be at least 
lOo.000 tons. Of sillimanite the estimated (pumtity is 1 000,000 
tons of very poor quality, with perhaps 100,000 tons of good material. 
The possibility of exploiting the better class sillimanite is, however, 
limited owing to its intimate admixture with the impm’e material. 
Apart from this latter fact, however, tliere is the additional dis¬ 

advantage of the very high freight to Cahmtta. At present it is 
carried by bullock pack to JMirzapur, some 120 miles. Transport 
(;osts could be considerably reduced by (loustructing a bullock cart 
track to tl)e bank of the; Mon River, wLenc<; the inatcria) could be 
floated down the Son and Canges Rivera on barges. 

The deposit of corundum and sillimanite in the Bhandara dis¬ 

trict of the (.V.ntral Provinces is at the foot of a small hill about 
Bhandara; Ccnfrai 1 south-east of Pohra village. This vil- 

Pi'oviiices. lago is 3 miles as the crow Hies south-south-east 

from Lakhni. w'hich i^ 13 miles east pf Bhandara town and on the 
main road. The hill is formed of a N.-S. striking bed of quart¬ 
zite which dips to the west at a high angle and is flanked on either 
side by sillimanite-bearing muscovite-schists, the muscovite varying 
from merely an occasional constituent to the dominant mineral 
in the rock. Another rock-tyj)e associated is a line-grained tour¬ 
maline rocik usually containing sillimanite needles and traversed 
by veins of .sillimanite. The massive sillimanite is found associated 
with this tourmaline rock, usually as veins or as irregular replace¬ 
ment masses up to 6 feet across. Such massive sillimanite was 
found only by Dr. Dunn at one point in situ, over an area of 40 



70 


Rcrords of flic (Irnhgical f^nrvcij of India, f Vol. LXI. 


by 50 fn«t, Imt dobri.s iiidicat’A'?. perhaps, a wider disfcribiibion. 
Tlie maf^f^ive corun<luin was not fomid iti situ ; all ilio. eorutidinn 
jujw boiii^ oblaiTicd is found in the hill wash at the north foot of 
the. hill ovsT an area of ]()0 by 100 yards. Dr. Dunn eonsiders the 
d(5posit to be nee]i<rif)]e, since the amount of ore cannot exceed more 
than TOO tons ea.eh of corundum and sillimanite. 


In Ihe neighbourhood of llengadih near Jiarahabhum Station on 
the l’uiu1ia-8ini ))ranch of the Bengal-Nagpur Kailway, several 

Barahlmin (•‘!5»r.iiK; occurrences of K vauite rock are fonn<l over a 
blmni ”); Bihar and narrow f*ast-west b(^lt <‘.xtending from about 

mile cast of Balbanni to just south of 
lcha<lih, .a total length of about 7 Tniles. The. rock with which thf5 
kyanit(‘ is assoeiate.d is a mica-schist, occurring along fhe boundary 
of the (iliota-Nagpur granitc-gnesis. Indeed, some of the kyanite- 
ioel< was found i<» occur in mica-schist which is included in the 


granitic rock if.self. The. nii<*a-,sc.hist is a pure muscovitc-quartz-roek. 
Another associated rwk is tournialine-rjiiartz, frequently banded, and 
often so riddled by white qnarlz that it has almost the ap])earan<*e 
of a breeeia. ToiiiTnaline-rock is formed by replacement of tlui mica- 
sehist. Dr. Dunn deseribos the kyanite rock as occnrriug in 
small irregular masses up to '■ feet in length in the mica-sehist. Mncfi 
of its seems to have been altered to mns(;ovite by crushing and the 
addition of alkalies, anrl originally th<‘ kyanite-roek was probably 
far more, abmulant tluin now. A peculiar feature, is the occasional, 
but rare, occurrence of crystals of bine cornndnm in the kyanite 
rock. 


According to Dr. Dnnn it is doubtful whether lOt) tons of good 
material could be collected easily, ami even if more could be obtained 
by closer prospecting and greater expense, the value of the material 
would be discounted l)y the amount of muscovite present. 

There is a series of deposits of kyanitc-rock extending over a 
belt some 70 miles long in the Singhhhum district, Bihar and Orissa, 
Sl-mlibhuit’ ; Biiinr passing through the native States of Kharsa- 
and Orissa. and Seraikela, and the Dhalbhum sub¬ 

division. The main roek of this belt is a muscovite-schist, but 


hornblende-schist is very frequently met with. Th6 micia-schist 
often contoins large crystals of staiirolite and garnet. Dr. Dunn 
observes that the rock with whi(;h the massive kyanite is usually 
associated is a kyanite-qiiartz-rock or granulite. At Lapsa Burn 
this rm'k is found in enormou.s beds, the massive kyanite apparently 
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occurring as segregations in tlie more acid rock. Very frequently, 
as a secondary alteration product of the kyanite, a topaz grauulito 
is found. Corundum is a common mineral in the massive kyanite- 
rock. Rutile, as in all these alumirions deposits of Northern India, 
is also a constant constituent in the rock. There seems little doubt, 
according to Dr. Dunn, that these deposits are the metamorphic pro¬ 
ducts of highly aluminous clays, and in some cases apparently of 
clays of a bauxitic composition. 

The largest deposit is that at Lapsa Bum at the wesb^ni end of 
the belt. Hero, the debris alone would, a(;cording to Dr. Dunn’s esti 
mate, provide a minimum quantity of at least 2.‘M,0()0 tons of kyanite 
rock ; this, however, is given ns a very conservative figure, the actual 
availabh} quantity being possibly 10 tim<!s this amount. Another 
good deposit is at Chagitlih, about 15 mih‘s south of Jamshedpur, 
where over ‘20,000 tons are available. 

At Rakha Mines there are perhaps several hundred tons of 
massive kyanite in the alluvium shed from the kyanite-quartr-rock. 
In the remainder of the belt to the south-east of Rakha Mines there 
is little or no massive kyanitc-rock associated with the kyanite- 
quartz granulitc, but the latter may find a market, in the 
future. 

The mineral from Balram in Barrira State, Bihar and Orissa 
Bamra Sfatc ; Hlliar (h'lKT.al Report for l!)25, Rcc. Geol. tStirv. 

and OiJssa, Ind., MX, |). 51). originally thought to be silli- 

iiianite has, on closer investigation, provcid to b<^ tremolific 
amphibolc. 


Ruby (see (icms). 

Salt. 

Salt is of common occurrence in the Tertiary rocks of U))per 
Burma and in the past a considerahlo industry in salt working was 

carried on in the Sagaing district. Kadu Lake 
per ) covers some 40 square miles 

and is a shallow, saline lake. In the past it 
appears to have extended further to the east and Mr. Bradshaw 
reports that traces of the old workings are still visible. Low 
hummocks in the^ soil-cap east of Padu mark the sites of the 
debris from the ancient sump holes and the fragments of multi. 
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tudcs of pots are Rtratificd in the soil. Salt is found in the 
Tertiary rocks which form the hills hctween Saye and Ondaw, as" 
hrine from W'ells and springs, and as an efllorescence in the sandy 
do[)Osits which form the low ground At Padu a tube well was 
sunk some 100 fee in quest of water for the Agricultural Depart¬ 
ment experimental farm. Some 1,200 gal!on.s per hour of saline 
witter was obtained and it has been suggested that if the brim* 
content be sufliciently liigli this water m ght be evaporated for 
the production of salt. There can be no douljt that the salt is 
derived fiom the Tertiary rocks. In the area examTicd by Mr, 
llradshaw there was no active work iu ju’ognss but in view ( f the 
largo quantities of sait which are imported annually into Jlurma, 
the salt wliich occurs in this distihit might prove to be of economic 
importance if it were worked systematically. 


Sandstone (s»‘e liiiilding Malcriafs). 


Sapphire (sec (iciiis). 


Spinel (see (iCins). 


Sulphuretted Hydrogen. 

Springs charged with sulphuretted hydrogen were noticed by 
lower Chlndwln dis- Mr. B. B. Gupta in the following localities of 
(flci; Burma. tjie Lower Chindwin district, Burma :— 

(1) In the Sonda Chaung about one-and-a-quarter miles .south¬ 

west of Nyaungbiule (22° 20'; 94° 39' 30"); 

(2) In the small river about one and a-quarter miles north-west 

of Thalauk (22° 15'; 94° 40' approx.): 
and (3) In the Yebowa Chaung, about three-and-a-quarter miles 
north-west of Kabaing (22° 12' 30*; 94° 41' approx.). 
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Tin. 

Mr. P. Leicester observes that the tin mined around Mawpalaw 
Taung (15° 52'; 07° 46'. Sheet 95 E;13) east of Karokpi in the 

Amherst district of Burma occurs in the late- 
I rtwer eluvial deposits at the foot of the hill. 

which is composed of red, bull and white 
sandstone and banded quartzite associated with shales and mica¬ 
ceous slate. The ore which is chiefly grey cassitcrite appears to bo 
derived from small quartz stringc^rs intruded into the sandstones 
during the period of granitic intrusion of the province. The tin 
has been concentrated in the eluvium of the hillsides and now^ appears 
scflttered through the lateritic deposits in the vicinitv of the hill. 


Water (sec also Bngineering and Allied Questions). 


Samples obtained from a ten-inch hand-boring made by tlie 
Norih-Western Railway at Rahim-ki-Bazar, about 33 miles south- 


iN.-W. Railway, Ra- 
hlni'kl’Oazar, SItid ; 
Rotnbay. 


east of Badin, Sind, and on the northern side 
of the Rann of Ciitch, were forwarded to this 
department in connection wdth a water-supply 


question for the proposed Bombay-Sind Comuiction Railway. 


These samples were determined by the Curator, Mr. A. L. Coulson, 
and consisted mostly of sand and lamkar to about 265 feet with a 
coiiglomeratic l)aud betwetm 227 and 229 feet. Below 265 feet 
clay predominated, and at the bottom of the boring, 377 feet, solid 
rock was encountered in the form of a foraminiferal limestom* and 


gypseous hmhar band. 


The limestone contains specimens of th<‘ (Hotjigerinidn’ family, 
but none of them was sulhcicntly preserved to bo recognised gene- 
rically. 'Mr. Coulson remarks that in a-11 probability the limestone is 
Tertiary in age and might be one of the Tertiary limestones of Sind 
(Blanford. Mem. Geol. Swv. hul., XVII, pt. 1, pp. 37-66) or of Cutch 
(Wynne. Ibid., IX, pt. 1, pp. 74-81). Certain of the limestones of 
Sind die out to the south-west, near the Habb river (Blanford ; 
op. cif., p. 17b and Wynne states (p. 33) it is quite possible that 
other east and west dislocations, similar t(j the great, fault along 
the northern face of the Charwar and Katrol range, Cutch, may 
have occurred along the northern sides of the Kureer and Bela 
chain and likewise along portions of the sometimes strongly scarped 
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hills which rise abruptly from the Raun on the northern margin of 
(hitch. 

Samples of water obtained at various <lei>ths in the borc-holc 
were reported by the. Chi'mie-al Kxaminer to the Punjab Covern- 
niimt to b<*. unfit for human <‘onsum])tion and for locomotives. The. 
resultvS of the tests are exjiresseil in the following table:— 


Dppth of pipe in bore-holo . 


109' ,3" 

208' 7' 

344' 5' 

ilAte aamplo was obtained 

2-M027. 

0-1-1927. 

10-1-1927. 

27-3-1927. 

Heaotiou .... 

Alkali no. 

Alkaline. 

Alkaline. 

Alkaline, 

I'lee carbonic acid 

Marked.-’ 

Marked. 

Marked. 

Marked. 

Chloride as Na(!l (parts per 
100,000). 

2.75U 1 

,'5,205 

23,107 

21,937 

Nitrates .... 

Nil. 

Nil. 

Present, 

Nil. 

Nitrites .... 

Nil 

Nil. 

Nil. 

Nil. 

iSulphuretlcd Hy‘lrogcn 

Nil. 

Nil. 

Nil. 

Nil. 

Linio ..... 

Excessive. 

Excessive. 

Excess! ve 

Excessive. 

Iron . 

Traces. 

'Fraecs. 

'Fracos, 

'Fraties. 

>Siil|>haies .... 
'I’olul solids (parU per 100,(MM)) 
llnrducsH 

E.\cessivc. 

Excessive. 

Exee.ssivo. 

Excessive. 

1,281 

7,:uo| 

30,730 

Exoes.Hive. 

pjVinporary 
(Clarke’s Scale) - . 

1 VVrmnnoiit 

70 

140 

Excessivo. 

Excessive. 

420 

.51)0 

Excessive. 

Excessive. 

Total . 

1!10 

7(H) 

I'.xce.’jsive. 

J^xeessivo. 

free anitiioiiiii 


Excossive. 

Not estima¬ 
ted. 

Not estinia- 
ted. 

Albuminoid ammonia . 

IOxccs.siv'e. 

Exc«*ssivo. 

\i»lr t' ;I lUla- 

Not (’.-.tiiii.’t- 


A bore sunk to a d(‘ptli <d 850 feet at Dng lioad, near Karachi 
((kookshank, Rcr. Gcol. Son'. I ml., IjX, pj). 157-101*), two bores sunk 
by the Ntirtli-VVest<‘rn Railway at Dabheji and Jungvshahi in the 
same district, and a boring made in similar rocks in Kathiawar, all 
])roved these Tertiary rocks to be impregnated with saline* water. 
It is not therefore considered advisable that the boring at Rahim- 
ki-liazar b(i continued through the limi'stone in the hope of obtaining 
a supply of fresh water. 

In th(^ (General Report of the Department for 1926 {Records, LX, 
p. 58) it is mentioned that a report on the waterless tracts of the 

Allanmyo sub-division in the Thayetmyo dis- 
vviis lieing prepared by Dr. J. Coggin 
Brown. It is one of a series dealing with the 
geology of the waterless areas in the dry zone of Burma generally 
and the prospects of obtaining underground supplies of watt'r by 
boring within them* 

Tile difficulties which beset the question have been summarised 
in the General Report referred to, and , it is. pnlyj^necessary to state 
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here that they are no smaller in tlio case of the Thayetmyo district 
than elsewhere. 

The Allaumyo sub-division (comprises that portion of the Tha- 
yctniyo district which lies to the east of the Irrawaddy river. It 
is divided into the two townsiwps of Sinbaungwe and Allanmyo. 
In the former tluire ar<i thret* waterless tracts and in the latter nine. 

Sinbmingwe Township .— 

Tract No. /.--Tra(it No. 1 contains tlie villages, Kyanksanksan 
with a [)opulation of 1,200 souls, Daukhla village, population 80 
souls, and Kyaukpyudaung, ])OpuIation 280 souls. These villages 
lie between 450 and 570 feet, resp(ictively, above sea-level and 
betw<‘en five and eight inih^s directly east of the Irrawaddy, about 
latitude 10° 45', in sheet No. 85 M/2 of the ori(!-incIi-i«j-on<5 mile 
survf^y of Burma. They all possess tanks which dry up for three 
months during the hot weather, when wafer has to l)e carried from 
streams one to two miles away. According to the geological map 
made by Jtao Bahadur Bethu Kama Kan in the years 1914-15, the 
three, villages li(? on Trrawadian rocks which occupy a wi<le area 
hereabouts. There is nothing exceptional in the local structures 
to h^ad one to suppose tluit th(‘ possibilities of obtaining underground 
water at Kyanksanksan or IJaiikhla are otherwise than doubtful. 
In the case of Kyauk])yu<laimg, conditions are perhaps a little 
bc.tter, for rocks of Pegu age, which underlie the Irrawadian series 
are found one mile to the east of this plac('. At the same tinuj 
boring here cannot but be regarded as risky. 

Tract No. 'J. Tract No. 2 lies seven miles lo th(‘, south-east of 
Kyauksauksan. It contains the villugtjs of Pozut and Pokolon with 
p()pulations of 280 and 400 souls, respectively. They both possess 
tanks which dry up in March, when water has to be carried from the 
Yebon stream three miles away. The local roc-ks^belong to^the IiTa- 
wadian and boring is not re(;ommended. 

Tra<^ No. 5.—Tract No. 3 c ontains the village of Thittabwe, popu¬ 
lation 120. It lies in the extreme*, soutli-eastern corner of sheet No. 
85 M/6 and has an elevation of over 600 feet above sea-level. It 
is situated between the axes of two well-marked folds in the Pegu 
rocks but it is doubtful if the cxpenditur(^ involved in sinking a 
tube well here is justified for such a small area. The beat situation 
for an experimental test lip.8 on or about the synclinal axis to the 
north-west of the village, as far as can be judged without an exami¬ 
nation of the ground,. . 
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AUanmyo Township. 

Ot the luno waterless tracts in the AUanmyo townshij), 
two have heou considered, as the remainder lie outside the area 
which has ln-en surveyed on tin* scale of one-inch-lo-ono-milc, by the 
oUieers of 1 he ({eoJo^ical Survey of fiulia. 

Tnui Nit. I. -Tract No. 1 is a small area containing the. single 
village ot fluegon. [jopulation bOO, four niiios to the north ol Allan- 
myo. It is located neat the june.tion of the alluvial depo.sits of the 
Kyeni (Tailng with the Irrawadian rocks and Dr. Brown advocates 
.1 search for shallow water in the alluvium to the south of the 
village, rather than by boring in the Irrawadian. 

Tract No, ‘J.- Tiact No. 2 inclnd<‘S the villages of Thanal, popu¬ 
lation 210. Pokolou 315, Vebaw 2 b) and Sangalc 300. All these 
villages suUer from water shortage in the hot weather, when supplies 
for liuman beings aro obtained from holes in stream-beds and cattle 
arc driven to the Irrawaddy river some, miles away. Thanat, the 
most northerly village, lies four miles east of AUanmyo. Sangale, 
at the other end of the tract, is approximately live miles to the 
south-south-east of AUanmyo. With the exception of Thanat, which 
lies on Pegu rocks, the other places are all situated on the band of 
Irrawadian rocks which rises to the east of the narrow belt of alluvium 
<leposited by the fiTawaddy river around Allanmy(» and ywataiing. 

In Thamit .ind Pokolon, additional surface sujiplies from shallow 
wells may be obtainable. About Bangale, and perhaps between 
it and Yebok', the question of tapping the “ water table ” of the 
Irrawaddy river by meiins of deep boring arises, but as there is 
practically no knowledge available as the result of experieui'e on 
this subject, such borings in these locations could only be regarded 
as experimental. 

Turning noiv to that portion of th<^ Thayetmyo district which 
lies west of fhc Irrawaddy river, waterless tracts occur in the town¬ 
ships of Minhla, Mindon, Thayetmyo and Kama. 

Minhla Tomnship .— 

Tract No. 1. -Lebingyin, population 148, possesses a tank which 
dries up in hot seasons, when water is brought from Paikthin in the 
Minbu distriet, four miles away. It is situated in the broad expansit 
of Irrawadian strata which occurs on the western flanks of the 
Minbu anticline. Possibilities of obtaining suitable underground 
supplies at reasonable depths in this situation are reinote. 
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Traci No. 2. —Nyaungbingyin, population 220, is said to obtain 
water from the Irrawaddy, three miles away during the hot weather. 
This place is presumed to be identical with the Shaukpyingyin on 
sheet No. 157 ol the unc-inch map. 11 this be correct, it lies on rocks 
ot l\*gu age which di]) to the north-east and j>ossibilities here are 
not much better than in the previous in.stance. It is a chs(? where 
an examination ol the. ground in detail is necessary before coming 
to any decision. 

Tract No. —'rr.icb .‘1 contains the villages ol Ivanui, popula¬ 

tion 400, Kandok 520, Sinmagyat 255 and Didokkan 200. The first 
three have no w^olls and in the hot weather water is obtained Irom 
tanks up to lour miles away. Didokkan alone has a tank and a 
well, and when these fail, water is obtained from a stream two mile.s 
away. Ixanni lies at an elevation of 1,004 feet on a ridge which 
forms the w^ater-parting between two well-marked drainage systems. 
The local rocks have b(‘en mapped as the Tabyin-Laungshe group, 
which is pre-cmiuenti)' a shaly and clayey horizon. Dr. Brown 
considers that thertj are no prospects of underground water at Kanni, 

Kandok is on rocks belonging to the Yaw-Pondaung group wdth 
a high dip to the north-east. The geological situation at 1,081 feet 
on a Avell defined water-parting is bad. Judging from the map alone 
Dr. Brown does not recommend boring here. 

KSiumagyat is five miles east-south-east of Kandok and is .situated 
on rocks of Pegu age, as is Didokkan, a further five miles away m 
the same general direction. P)Oth villages lie at approximately 1,000 
feet above sea-level near the head of a watershed. A simpler remedy 
than hazarding boring ojierations in cases like thesi* would be the 
c(mstru('tion of tanks to be ifal Ity rain. 

Mindon Townnhip.-' ■ 

The ^Mmdon town-ship contains live waterless tracts : - 

Tract No. 1 —lying outside the areas which have l>een geologically 
surveyed. 

Tract No. 2 —containing the following villages: - 

(1) Kyaukpyok, population 140, with one well which is supple¬ 

mented by water from the Inma Chaung, two miles 
away ; 

(2) Umoktalon, population 98, with one well supplemented in 

the same way ; 

(5) lubyit, population 331, obtaiumg its water in the dry weather 
from a stream one mile away; 
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(4) Yegyansin, population 45, with one tank supplemented by 
Water from a stream one mile away. 

The area enclosing these villages is to be found on sheet No. 116 
of the onc-inch-to-ono-mile survey. It was mapped in 1922-25 
by Mr. K. L. Cr. Clegg and is covered entirely by rocks which he 
groupe<l together as the Yaw-Pondaungs, of Upper Eocene ago. 
Accordiug to him an alternating sandstone shale facies prevails in 
the uppermost beds and a sandy one below. The main range of' 
which the area forms part is said to possess a general anticlinal 
structure but it is complicated by strike faulting. Mr. Clegg stresses 
the liigli degree of lateral variation whicli lias taken place in the 
roclis h(;reabouts, and in the circumstances it is not possible 
to gemu’alise on tln^ p«)ssibility of obtaining water in these locjalities. 
A lietailed examination of any proposed site is essential before a 
definite opinion can be given. 

Travt No. 5. -Tract No. !5 lies in an area wliich has not l)ecu 
geologiciiJIy surveyed and the same remarks apply to Tract No. 4. 

Tract No. 1. (See pjeceding sentence.) 

Tliayctmyo District.- 

There are four waterless tracts in thii Thayetmyo towiishij). As 
they are jiearly contiguous and all lie on a wide.s}»read area of 
IVgu rocks they arc taken together. TJie affected villages arc enu¬ 
merated below :— 


Tratt. 



llriuarkH. 

(: 

' li 

Koiiniywa .... 


Xo vvfll or kink* VVhUt ob- 
kiinodfnjm wc-lls dug in i\iv 
stnarii Ix'd. Suj>;dy scanty. 

11 

JCyaukiiio 

200 

Ditto. tlif.to. 

l. 

'J'ayun. 

[.".o 

No well or tank. VVaU'r ob- 
l.iiiuHl from Inlo Ukaurig ouo 
inik‘ away. 

( 

ryfl.uk[)yu .... 

200 

Nr> woll. fnadoquato tank. 
Drinking wat<‘r from a well in 
the stream bed. Other water 
from 'I’liari, milos away. 


Akyisa ..... 

20f) 

No well or tank. Water from 
tho I'onchaung. 

.1 

OkpOTl ..... 

200 

No well or tank. Nearest 
su|>ply at tjtlier villages, 2 
miles away. 

1 

iSaiiniHgyi .... 

210 

No wi'll or tank. JSiipjily from 
holes dug in tlio stream bed. 
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TrucU 


4 




i 


ViJlagt). 

Populatioo. 

Uumarts. 

Tauagiiiyit .... 

‘JIU 

No Wfll ur Lank. \Val<‘r fiom 
h'llo.s III Mio htreaiiL bed. 
Supply wcaiiby itrul poor. 

»Shaiiy»a''yavv 


a\o woll or tank. J^)or drink- 
iJV-5 wall V from the ImmI of the 
tfl'.uiim. Ainmalri watorrd at 
IVi‘fi (4 niik -s away. 


Tnicfc No. L iiinl {»art. oi‘ No. 2 lio on tlio .soutli-vvcst corner of 
alioet No. 108, ami fclic other two tracla in tiic vvijateru part ol slicot 
No. 100, of ilio ojic-ineh-to-ouc-inile survey. The last geologist to 
report on the area was Mr. K. L. (I. Clegg in seasons 1023-24. Jn 
sheet No. 108 the two areas concerned lie on the middle .sandstone 
and lower shale divisions ol the IV'gu group, which ari‘ hroken up in 
many places with .small faults. Konniywa ha.s an elevation ol 421 
feet above sea-level but soutii and east ol it is a rulgc rtsing to heights 
of from 1,300 feet to 1,700 feet. Alternating strata t>f .shales, sandy 
shales, sandstones ajid calcari ous bands appear to form tin', ridge. 
Arouiul Kyauknie is a thick .series ol .shales overlain by sandstone to 
the west and south-W(*st, wJiich after Ijeing folded into asynoline down 
which the Thazi Channg Hows, rises up to form the outer band of 
sandstones of the well-known Monatkon dome, lying in the extreme 
south-western corner of the sheet. The shales in the centre of the 
Monatkon dome were also found by Mr. Clegg onc-and-a-hal£ mile 
west of VVuuIedaung, which bring.s thcjii to about the same dLstance 
south of Kyaiikme. It is possible, owing to this alteration of sandy 
au$l shaiy beds, that a favourable site might be found for a deep 
tube well in the syucline towards the Thazi Chauug, but no guarantee 
can be given that the water which might be met with would be 
good, in view of the common occurrence of soluble alkaline salts in 
the Pegu rocks generally. 

The structure near Pyuukpyu is not so satisfactory. 

The conditions which bear on this eiupiiry on sheet No. J59 to 
the south, are, lirst of all, the predominantly shaiy c.hara<jter of the 
Pegu beds in the Kadetpyiii-Sanrnagyi-Myinba valley ; these become 
sandy in the uppermost layers immediately underlying the Irrawa- 
dian sandstone to the east, while the high ground around the valley 
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is formed by intercalations of sandstone. West of this valley is 
the Okpon dome. The outer band of sandstones on which Okpoff 
itself stands, is overlain by Ihe sh.iles of tint Piinehanriji; vallev. 
Xeither Okpon in>r Sauinaj^v i ar<* suiluldy locaied lor d<M;]) waiei 
tests. The same remarks •‘ij)ply to the villagi's (»f 'rnmigriiyit and 
(Slianywa^vaw uliicli In* on IVgn rooks dij)ping to (In* south and 
close to the overla[)ping boundary of the Irrawadian. 

Kama Town sh ip. ~ 

The Kama township, Dr. Brown reports, has three waterless 
tracts. The. first of these, lie's in a geologically nnsurveyed portion 
on sheet No. lid. 

'I’ract No. 2 is a small area containing only one village., Ky- 
w<‘tnwe, with a population of 100 smds. It is 5.^ miles west of 
Kama on sheet No. 100, has neither wells nor tanks and obtains 
its water supplies from the. Made, ( haimu, one mile away. It is 
situated on tlio junction of IVgii rocks with the alluvial deposits of 
the Made t-huung. ff the alluvdum be thick enough a shallow tube 
well might yi('lil a gootl supply of water, otlu'rwise trials might be 
made by shallow, hamldug \v<‘lls. 

Tract No. 2 is a large area stretching along tJi«* right l)ank oi 
the IrraWcxddy for a])])ro.\imately eight miles in sheet No. 101. ft was 
geologically snr\Tycd some years ago by i)r. Murray Stuart, whose, 
map shoAvs that it is ('utire.ly occupied by Kama clays -a divi- 
.sion of the Pegu gruuj). As its nanui iiidic/itcs, this series is 
essentially a clayey one though it does contain sandstone bands 
m ]>la(<'.s ; the latter are not deliiied separately on Dr. Stuart’s map, 
nor are dips of tin*, strata recorded. For tlicse reasons it is im¬ 
possible to come to any <le,iinit(‘ com'liisions regarding the possibi¬ 
lity of underground water in iln*. tract. On general grounds Dr. 
Brown considers it an unpromising one. 

The affected villages are. listed below :— 


VillaiK*. 

IVipiilation. 

Remarks. 

Online ..... 

Hr) 

No well or tank. Water from 
the stream. Distance one mile 

Daiaraing ..... 

142 

One well at the jtongyi-kyaunj ; 
supplemented by wat<*r from 
the trrawadily river. Distanrie 
live miles. 
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Villago. 

Population. 

Roiaarku. 

..... 

1 

k'o wi'll or tank. Water froiu 


[ JJo 

the Irraivaddv. JJj3tanci' live 

iJagon ..... 

J 

lUilfM. 

..... 

i;p> 



JVgya ...... 

mu 

1 

i 


[joinduii ..... 

•jjy 

I 




\ 

ij- Ditto. ditto. 

NyuuriggfiiM/jj . . . - 

1220 



...... 

at 



'i Im'1 ainig .... 

200 

J 



fii t]i(' KyuiiKsi; district of Bunua, nearly the whole ol the 
Myittha 'rowiiship lying to the west of the Thiaboii Chaiaig and 

, the iSamoii Biver, an area oi approAiiuateJy 

Waterless Iraclii oi , ^ i i • • i ^ ^ ^ i 

ihe Kyauksc dislHcl, sqiiaie Jiiikvs, is classified as a waterless 

tract. It is loimd on Survey sheet iS'o. ^45 
(9;i 0 7 and C d) with extensions on to the adjoining sheets to the 
north and west. Bor administrative purpo.ye.s it is divided into the 
three si'.parate tracts of Hinnyangan, Thittetkon and Yogan. 

\c< oi-ditig to J>r, Ooggin Brown’.s report, the outstanding giiologieul 
f(‘.atiire oi the region is a flat ridge of Upper Tertiary rocks trend¬ 
ing Irom north to south and consisting oi conglomerates and gritty 
sandstones with rare bands oi shale. These attain heights of over 
600 feet above sea-levid and liave a high dip to the south-west, two 
miles west of (4we. 

The possibilities of obtaining good underground water from these 
Tertiary rocks arc remote, but conditions arc more favourable on 
the alluvial areas which surround them and from which they rise; 
especially is this so in the strip of alluvium forming part of the main 
Samon belt, on the east of the dry tract. 

In the case of the Kyaiikse di.strict, unlike others in the ‘‘ dry 
zone,” the results of an experiment in boring are available. 

A tube well which was drilled to a depth of 300 feet on a site at Taung- 
dwin, a village on the spread of Upper Tertiary rocks, was a compb^te 
failure. When those facts were brought to Dr. Uoggiu Brown’s 
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ailriitum li(‘ KU^ru,vs(;('(| aMo(,]i(‘r Uial at Thitiolkoji, 3i iiiikvs fiirbli<‘r , 
f'avsl;, a)i<l within i.hc, .iJhivial iirca. A .succi'.ssfiil W('ll Wii.« r.oiiipIct(,‘<.l 
hi*ro ill 11)2(1, which olitaina its .'ii|>|)ly from a bed of coarse sand 
ilj to 88 Iccfc heiow pSurlacii level. 

The lliimyaiu^aii Tract, h.is only otu* village with 38 households. 

It lies on alluvium. accor<lin;f 1.<i a ;j;eol('gic:il survey hy Mr. 1*1. Ij. (.jI. 

>). ami uudeit^ruund .sujiplies should ho obtainable, 
il the alluvial deposifs prove thick ('iiou^h. 

1'fie Thittetkon 'I’lact is an importiiiil, on<‘ wit.h 11 villa^e.^ <;on- 
iaimnu'' a. (otal ol 71)5 houu'liolds. 'flu' si'.ai<'i(,y period when no 
W'aler (exists iieai I.Ik* villages lasts Iroui ihr(‘c 1<) lour luonths, when 
supplies at'o brought liom .^Iri'ams wliich he on an a.veraj.!;(‘p alanit 
two inih's aw'ny. Tin* lolhiwinii \illa',’>’S .iic* witluii tin* alluvia^ 

• u’ea : I'yawywa, 8i/on^oii, Wetirin, Te;.'}!, Thitlctlvon and i\la;.;yi- 
,U[an. 3 hit tetkon luiw' possesses a. suppl\’ in ito lube well a.iid similar 
uuder<j;round eoiiditimip piobablv pieva.il in the others, with the 
eveeption ol I'vawvwa and Sizomoni. wle'i'e ihev art* not so lavoui'.i- 
bh*. d'lu*. remaiiidi'r .irc (>u lilu* Lljijier 'r(‘iiiaiv beds. I'lu* laiui'.'t 
\illa^(' ol the '.p-oiip, (iw(*. with Jb.S housi'hold.-, is almost on llu*. eihje 
ol (ho d’erliari('s and a promism;.( sit.e lor a IuIm* w'cII could doubl.|i‘S.s 
b(‘ huitid ea.st <d t.ln; villa.oe and betwas'ii it and the Samon Itive.r. 

Dr. ( A);;j;in liiowa rejxul.s (hat (he ^ o'fan Tra*‘t has 1) villages 
(;ontainin ;4 a total ol 138 households, supplied by distant tanks and 
Water hole's lor three or lour monihs, in yi'ans of drou;^lit. Borings 
a.re not ri'commendod in t.lie- eases of Ywatha West, Yogan, 
Nyaungwm, Yilkan, rhabyelha. and Kvadwin. Iti'e.ondilioning oi 
old tanks and construction of nmv oiu'S seem to bi* the only .solu¬ 
tion ol the problem. Nbishayo, lii'tpanbin a.nd Nyaunggyit a.rc 
on, or near tin*, Tiiinbvm (Jhauug, which, liow'<iver, is iu)t a pi'rennial 
slream. The pros[)eets of a siicee.s.sfiil tube well, betw(.Mm 
Nyaunggyit and Nashayo .ipjx'.ir to b(* fairly good. 

There are three waterle.ss tracts in the* Mandalay district; 
two of these lie in the Bingu t.ownship of the Maduya sub-division and 
'Vlaiiiliilay dLsirfu ; one in the Patheingyi townshi]) of the Aiuaia- 
***"^‘”“* pura sub-division. 

Tract No. I of the Singu township has an area of about four 
square miles with live villages, Kadetebiii, Yedwet, Pandin, Tayaw- 
pingin and Pinlo-in, containing a total of 220 households. The 
village tanks are dry for f(.>ur months in seasons of poor rainfall, 
when water lias to be carried from streams from ^ to 1 mile away. 



Pakt l.J 


(jtiUiiral Report- for I92s, 


83 


Tli(! group of villages is situateil on slie<‘t No. 241 of the one inch- 
to-oiU!-niilo survey, Uk; most uortlierly heiiig al)ouC Latitude 22° 
" 11 * and Loiigitiule 1)0° 7'. The. neiglihoining rocks Ixdong to the 
Mogok gneissose group, which [onus an ii regular houndary with the 
alluvium of the Irrawaddy valley. The |>o.s.sibilities of obtaining 
underground water lie cadirely in the alluvium, to the south-west 
of Ivadiitehin and to the east of Linle-in, ami if tlu^ alluviiiin is merely 
a thin skin overlying gneiss, tlu; prosjK'cts are poor. II dt'Oji a.llu- 
vial <leposits peisist uj> to the gJH'issie boundary, the prospecis are 
belter, Imt n<d> vso good as they arc iurtlntr out into tlie plain on the, 
w<'st. 

Tiic seiauid tract, a,ii area, of (»ne oi- two .Sfpiare miles only, (;on- 
lain.s one large villagi*, Venalh.i, with 251) lioiisehulds. It possi'ssc.': 
surlace wi'lls and a tank, 'rins'-aie sullie.u'nt in years of good rain- 
t.ill, but in pciiods of drought, isaterhas to Im* i;airied from a sinani 
lA miles away. 

Ven.-itha. is iivi* mih's l.o tlu' ,'.oui-!i ee^i of rmle-in in Tract No. 1- 
just des«.;ribe(.l. It lie.s on alluvium wiih llu' ncart>t gneissic out- 
crop, two miles lo Ihe north. I>r. Ih'own nM onimejids Ihat tiu' siirhue 
W'ells shouhl be deept'iied il tfiev ha\'' not pa,‘'se{| (hroimh the allu¬ 
vium and the outer layer ol decompo.M'd gneiss. ^I'he pos.^ibilPies 
•)f a IuIm* v\(‘ll supply liere depend \ery large*!'/ on (.In* lliielv'iie.ss ol 
the alhivinin. 

Tin* waterless tract <»l ilu* Ikilliciiigw 'rowjisfiijt covers an area, 
of four or live sijuare miles <i,nd (outains nine villages with a total ol 
110 Jiousi'hohl.^. They all possess Wills \\hich dry up in the hot sea¬ 
son, from mid-h’ebiiiarv lo niid-Juiie even il the rainlall is hiiily 
good. At such seasons I he vili.ige.s ol Ytuibiii, Kanhyin and 
Shw'epyi ohtam waler bom a, well I wo inilo.s away' and the lemaijider, 
13ok, Tiietkegj'in, Miiiga.n, /idaw, Sinluil and Vonlfia, from a .sjuing 
in lh)k Hill at a distaiue ol I niih's. liok. i.lie centre of this village 
group, i.s eight miles north-east Mandalay, All the. villages are 
built on u narrow alluvial belt between ihe isolated gneissic hill ol 
Myothoiridaiitaung on the, we.st and tlie main outcroi» of the Tlateau 
J.iiinestone on the east.. It is susj*e( ted that the alluvial blankid; 
is thin and that it overlies I’laleau Limeston<', which would account 
for its inability to hold water for any length ol time. 

The alluvia] deposits of the valley under Mandala}’ contain 
water-bearing sands and gravels and while theri* w<nild be no objec¬ 
tion to trial borings west or south-west of the Myotheindantaung 
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ridg«‘, no giiartiutce can be given that borings in llie area arouud 
J3ok, would be siieccsslul, owing to the probability of the occiUTenec 
of I’lateau Limestone at shallow depths below it. 


At the re([uest ol the Ihiblie Works Dc-partniont of the (jlovern- 
inent of Burma IVtr. hi. J. Bradshaw was deputed to make a geological 

Sadoii CJuuii ;4 Irri* lamination of the 8adon Chuung Irrigalion 

Projeci, .Uaswtf Lh'oject. Breliminary investigations l)y the 
tlUtrii'l ; Uj'pci' iiuniKi. i> i i- nr ■, n i - 7 . ^ ^ 

1 ubiic Works i)(![)artmeut showed that the 

eonstruetion oi pmnianeiit irrigation works on the Sadoii tJhauiig 

Would prove, very pr<)duetive and it was proposed to eonsUau t 

<i masonry dam, iroui tiuriy to iorty iecd liigh, so as to lorui a. lank 

near the viii.tge of Tanaanggwiii. whieli licft on rim vey slieet iSo. 8*1 

1' I’i about niiu- miles noj.ih-nOilli-east ol the, town oi d’liuiigdwiugyi. 

the .southern part oi this sheet,, including tiie, reservoir ari'a, was 

majijied l)y Mie l.iu* ('a,piain W.dker vviiu wa.'j killed wliile vvorldng 

lo the West oi the area. Xiie mapping of (he sheet wais eom])letod 

by jfr. L. L. (|. Clegg dining the lU2o-«G lielil season and he ineor- 

poitited Captain Walker’s held notes in his progrc.ss rejiort lor that 

year. '■ 

The beds mapped ineiuded Alluvium and roeks ol liie Irraw'adian 
and Ihigu series. 

rile dam site and tiic impounding area lie wholly on Irrawadiun 
roeks wliieli were e.losely examined by .Mr, J3radshaw. Xhie, irra- 
.'.adians lie Oeneath arenaceous alluvial deposits vvliieh are 
capped by light loamy soil. The alluviimi coutams a good deal oi 
btnknf 111 stringers and nodules and ha.'i occasional beds ol conglo¬ 
merate consisting ol well-rolled boidders of ipiart.z in a calcareous or 
lerrugnioiis matrix. The alluvium passes imperceptibly into the 
upper strata oi tJio Irrawadian series which consists of sandy 
deposits, false bedded, ill-consolidated and calcareous in the uiiper 
horizons. Thin bauds of conglomerate, similar to that found in the 
alluvium, occur sjiorudically in the upper beds ol the Irrawadian. 
The chief member of the series is a pale green argillaceous sand 
mottled brown by iron staining. Though this sandy rock weathers 
like a shale and puddles when mixed with water, it is not imper¬ 
meable and was soaked with rain water when seen by Mr. Bradshaw. 
This rock is but partially consolidated and is very friable. It is 
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firm will'll (lug into but rapidly disintegrates and crumblea when 
oxjiosed ti> air. Phis green clay sand is said to be, underlain by 
(Inn brown i^lay. At the extreme, norlh-easteru tongue of the 
reservoir area 1 here are exposures of .i oompael, giitty “ peppet’and- 
Sfilt ” sandslone lonlaining small rounded nodules of grey shale 
and yi’IIow ochre and alternating with beds of shale. These strata 
aiM' thought to bt' of l^‘gu age by Mr, Bradshaw who n'lnarks that 
it is diiliciilt to trace a, precise boundary as the two serii's merge, into 
one another. All the, strata in the impounding area show .strong 
current-bedding but the general diji is .steady and to tin*, south-west. 

Trial pit.s had been suid; at tlie proposed dam site but at the time 
oi .V(r. Bradshaw’.s visit tho.so in the bed of the .stream wi're filled 
in and the remaining two 'were ob.scured by tlcbrls which had lallen 
into the.m. Thesi* jiit.s showed alluvial s(>il followed by sand and 
gravel indiiafing the past or pre.seiit lied ot the .stream, while beneath 
was green e],i.y sand pa.«.sing downward.^ into hard brown clay. The. 
strata at.te.st tlie rajud lateral variation of the rock series. 

In di.'Jeussing the que.stion of the impermeability or otherwise of 
the rocks of the, ilam site Mr. Bradslnuv remark.s that though there 
AVils heavy rain at the time of his visit the floAvs of the trial pits 
w('re dry ; he. points out, however, that the surlaec writer may have 
drain'd out thioiigJi the debris and through the obviou.sly porous l)ed.s 
whieli Ji(; aliove the lirown clay. li(‘ eon.sidcrs that the .soil Ike sand 
with grav'd, and tlie clay sand arc porous beds and that the clay 
.sand or mixtures of it with the brown clay, might sIioav lint little 
seopagt*. for a certain pe,rio<l but in the course of time, might disinte¬ 
grate and be a .sourct* of leakage, winch could not be adequately com 
pensated by the .sealing eifei't of the (li.s]»o,sition of clay in the inter 
.slices. 

Firm ela>, thanks to its impermeability and high bearing .strength, 
is considered to he a good foundation for eartlicrn dams and, though 
not ideal, a really hard and homogeneous ciay may constitute a 
reasonably secure foundation for a masonry dam if precautions, 
such as sheet-piling, are taken to prevent the spreading and Avelling- 
up which might occur were it not so confined. Mr. Bradshaw 
points out that the danger with clay foundations is that the bearing 
strength may prove insufficient for the concentrated stresses of a 
masonry dam and that in the case under consideration there is the 
probability of the existence of lenses ol ill-consolidated or perme¬ 
able materials. The occurrence in rivers of firm hard clay unmixed 
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wiUi Miind is (‘(mio.iratividy rs-ro. Tf sand ho mixod with tlio oUy 
the cliuv^t'r ol or iii)d<'riuijuii!^ [roiii above' and ol' t'l'osioii 

on ('Ii ' dowa-stn'un sid.' is gf'atly iiuavasod and it may ho de)ul)tiid 
w'lictlior it wo ild lio sale to < '>nstrnct a inasunry dam on siudi 
loiindations. AFr. Br.idsha\\ (.'oiHidors tliat if coustrnctioii be 
dcrid(‘d ii|ioii tlic ' lay at tho eliin silo shonM lio (jareFiilly ox.imined 
with Higaid to its thicknoss, toxturo and hoiaogon>‘ifcy and that tho 
site sluniM bi> more tliorouglily proved thaai has yet l)oen done. Fn 
view of tloi unri'liable nature ol the roeks tlunusolvos, the irregular 
bedding and the rapid lateral variation, it would be essential to dig 
a treneh at least twc.ntv feet deo[) on th<‘. whole, le.ngth ol the, dam 
site to prove the a,f‘tii.d pri'st'uee of the firm brown olay along tlu; 
wfioie liii(‘, ,iiid i)y drilling in the. trench to ascertain whether there 
is a sullieii'ot thickness of t'lis rock. 

Mr. iJradstnw doubts wdie|,!n;r the Cound.ttions will prove, suit¬ 
able lor a masonry slrnetu)'-' but consi'lers that it would be possible 
to eoiistnit 1 an e.uthern d.irii w'liie.h would itself be water-tight and 
scabh*. fl(> state.-! tlmt tiier<‘ are, unfortnnate.ly, other (lousider.i- 
' ions whirli .ire, to his mind, of suftie.ient weight to give re.ason for tin? 
condemnation ol tin* propo-^f'd c.ils' of tlie dam a.ud of the, whohi 
im|>oundin'.r area. Tin* coiueidence iu tliis area of the F^egu-irra- 
wadiaii houiulary with tluit of the. tTovcrnm uit Fic.served Forest 
is due. to the porosits' of the. Trra'vadi.iu rocks and, indeed, the, dry 
zone in Bnrina. owes its ariditv to tlie permeability of tluj series. 
Irrigation projects in Irra \adian areas must always be oxaminod 
with eare for it is iilmo.jt a foregone conebision that there will 
be leakage, (n sueciMsfiil eas*s (.he initial leakage de.creasi's in 
time owing to the d(;position of e.l i.v in the voids of the porous sands 
from I. be muddy impounded vvater whiidi percolati'-s througFi bhem. 
The Irrawadian are unreliable rocks and forecasts as to their 
hohaviour a.re hazardous : where, !i.s in the ])resent case, there are, 
besides the porosity of the, rocks, other objections to tho choice of 
any fiarticnlar locality for an imjioiinding scheme, the possibility 
of siicoess becomes remote. 

Th<i nature of the g<‘o]ogiea,l structure constitutes the first of 
f.he.se aiFditional objeclions. Tdiroughout the impounding area the 
dip is remarkably steaiFy, .4i the iLam site it is down-stream while 
along the wt'stern margin of the impounding area it is outwards. 
Such a stnieture would be, imde,su*al)Ie in any area inlwhich it was 
proposed that water should be impounded. In one where the 
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majority of the rocks arc porous it is probable that the amount of 
the initial lockage down tin* bo<ls, and so out of l.hc impounding area 
would be jjeavy and Mr. Bradshaw doubts whether it would ever be 
sulliciently reduced by the sealing ed'ect of the clay carried by the 
percolating waters. H<* points out that, sj)eaking generally, in 
the area under co7isideration tJi** higher the horizon the greater is 
the porosity of the rocks, Tlie risk of leakage on account of the 
structure is gr('atest along tlm western margin of the iin])oundiug 
area wher«‘ the dip is (uitwards and it is there that the youngest beds 
an* exposed. That these rocks arc tin* most ]>orous ivS a factor 
which obviously increases the })robai)ility of serious leakage and 
Mr. Bradshaw remarks that a further unfavourable (tircuinstance 
is that the impounding of water by a relalivel}'^ high darn would 
r(‘sult in tin*- sulum*rgencc of still higher, and heneo more porous, 
horizons witl) a correspondingly increased aiuount of leakage from 
the, higher li'vels. 

Dismissing tin* topography of the proposed impounding area 
Mr, Bradshaw notes its deceiitivc nature a,ud how the actual im¬ 
pounding an'.i would lx*, much smalh'r than what one would expect 
at first sight. Above th<^ dam sit<i the stream makes a loop which 
is almost a complete circle. Dm* east of the ]iropo 3 ed site there 
is a narrow tongue of high ground composed of loosely consolidated 
nn'naecous (biposits with high and oxeeoduigly steep cliffs forming 
the banks of the stream. The breaching of this tongue of high ground 
by the, ordinary processes of meclianleal erosion is but a matter of 
time, .‘iml is taking ])la(’e, with unusual ra])idity. The main factor 
is the und<*rinining of the bank due. to the erosion of the stream, 
especially when it is in spate. This source of erosion would be 
almost entirely <diminated wore the. flooded stream to gave place 
to the, still wat(‘rs of a reservoir. Hdiough under-cutting by the stream 
itself is the (diief, it is not the, only factor in the piecemeal erosion of 
the high ground. Heavy rain fell throughout the p(*riod of Mr. Brad¬ 
shaw’s visit and though this resulted in tliere being water in the hed of 
the, stream, the flow was negligible and erosion from that source was ni,/. 
At least twenty landslips were counted in the banks ot tbestn'am and 
though most of these were small some were of serious dimensions, the 
largest being cither at the dam site its<‘lf or on the further side 
of the tongue of high ground due east of it. Tt is evident^ihat the 
ground in the neighbourhood of the dam site is ijnstablc^’'and][that this 
must be the case is apparent when it is remembered that the high 
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which form the bank of tin*, stream and wJiiuh in some places 
approach the vertical, arc eoinposetl of loose sandy de])<)sits. Tin*’ 
lii^h groinrd above the cliffs coiistitiiles a catchment area from which 
the smfacc water runs into the stjcaui in miraerons streamlets 
all of which are cutting luick ra]M(llY. ^I'ln* bnkol cohesion in the 
locks together with the stei'pnc:a of the, cliffs greatly increase, the 
amount of erosion effected by rain nloiic. If two days’rain can pro¬ 
duce a lai’gc niiml'cr of landslips it. is clear that the amount of t'losion 
during the wet season will be sc^verc and a st rions menace to any 
structure, beneath the cliff’s. In Mr. Bradshaw’s opinion it is doid)lful 
V. hcthc} it would be possible to construct a dam which wonld not be 
mitffankod in the course of time, hie considers that both from the, 
engineering and the geological poiiit.s of view' the instal)ility of the 
cliffs and their liability to erosion constitute, a danger which should 
not be underestimated wlmn assessing tlu* possibilities of the 
success of the project. 

With regard to the supply ol building materials, materials suit¬ 
able for the constnietiou of a masonry dam are available in fjuantity 
at the site of the dam. Tin*, clay sand and its mixture should 
Im* avoided and only tlie firm brown clay used. Building stour 
suitable for the coii.stniction of a masonry dam does not occiu 
in the immediate noighl.oiirhood of the proposed site but some two 
miles up-stream along tlie Sadon Chaung and th(5 Thapain Yoh 
then* arc large f|uantities of sandstone boulders of Pegu age. 
dart tracks exist and transport should be neit.lier difficult 
nor (ixpensive. It is doulitfiil w'hether it would be possible to 
fmd a sufficiency of solid rock with a,n opi*n lace suitable for 
(juarrying, bub the sandstone boulders afford an arnph^ supply of 
suitable stone. At lltonbo, about two miles from Tanaunggwin, 
there are old lime quarries. These were not examined by 
Mr. Bradshaw but he understands that the source of the lime is 
hankar and that the quality is not good. 

In condemning this site Mr. Bradshaw considers it unlikely 
that a suitable alternative one will bo found within the Irrawadian 
area and that such a site, if desired, should be sought for up-stream 
in the Pegu region. Such a course would increase the difficulties of 
constructing distribution channels but no alternative seems feasible, 
except, perhaps, the substitution of a weir with direct irrigation from 
the stream in plate of the dam and reservoir of the present 
project. 
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The Public Works Dojiartmciit of the. Coverniuent of Purmu 
rci^orted that the present Siiibyut^yi Tank la^ar Tozn village, about 

^ , nineteou niih's iiurtli of iMoiktila town. Tfppor 
Taguiidaiiist lank ^ i - i l . c !u 

Irrljjatlon Project, Jiurma, wlucli .stores up th(' vvaiers of the 

Mdktila district; Mojiclel\'(‘U hi Cliiiune, iia<l ;U( umulakHl large 
Upper Buima. , i. , • • , . 

quantitif'.s oi .silt, and its .'^'torage eapaeity bad 

been cunsid<‘rably ledurod. The buiHls of tJie Sinbyugyi Tank 

were being raised two feet but, as the silt deposits eontimie, it was 

expected that in the near future the maximum flood level w^ould 

reach the crest level of the embankment. In ]>reference to undc'r- 

taking cxten.sive nqiairs to the Sinbyugyi Tank it was proposed to 

inve.stigate tlu' poscubility ol ndjuilding the ancumt Burmese 

Tagundaung Tank which is at prc'sent iji disuse, an<l Mr. E. J. 

Bradshaw wa.s disputed to ri^port on tin' g<‘ological aspects of the 

scheme. 

The Taguiiduing Tank is supjto.^.ed hi }iav“. been constructed 
during the reign of King /Viiawrata about three centuries ago. The 
renuiin.s of the old dam ar<j visible, in the Mondotyewin Chaiing, the 
feeder of tiie tSiubyugyi Tank, about tvvo-:ind-a-Ualf milea south-west of 
'rezii and take the lorrn of an eartherii J>und about nine hundred 


leet long and some sixty feet iiigli from the bed of the .stream. 
TJie Irrigation Enginef'i’s consider tJiat this would he the bi'st site 
for the new dam which would bo of ma.sonry or concrete arch type. 
The catchment area of the Mondetyewin (Jhaiing at the site of the 
dam is .ipproximately fifty square miles with a probabh* run-off 
of about sixty per cent, of the total rainfall, wdiich is ahoiit thirty- 
two inches a yi'ar. The available run-off would, therefore lie of tin* 
order of -t,l<>0 million cubic feet. Hough ligiires sliow that tlu' 
storage, rapacity for the proposed tank would be about li!<S million 
cubic feet giving an irrigable area of about five thousand acres, or 
a net increase of about three thousand acres. Streams in this part 
of Burma are dry for a considerable part of tJie year but are liable 
to sudden and heavy spates, usually in the months of June and 
August. At the end of October there is again a shortage of water. 
It i.s proposed that the surplus w*ater from the Tagundaing Tank 
.should be diverted partly into the Mondetyewin Chaung and .so 
into the Sinbyugyi Tank and on the soutli .side into the Natkan 
Myaung. The first would have the effect of maintaining Sinbyugyi 
Tank as a subsidiary tank with greatly reduced and moderated 
floods, and would considerably reduce the volume of silt deposited 
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in it. Tlio Bluioo on tin*, Boiitli sido, running parallel to tin; Natkan 
Myaiing, would command an aroa of al)oiit tour square mihs. 

The. site of the dam and of the impounding area lies within a 
legion of Pegu rocks, on Survey slieet No. SI () Ki wJiieh was mapped 
by Mr. E. L. (1, Clegg during the 1021-25 field searson. d’o the east 
of the sheet tliere is a be.lt of alluvium on which i-lu* village of Tezu 
is situated, d'o the west of this, running dini north aiul south, there 
is a ridge <d low hills known a,s tin? Taungiivo Hill langes and 
composed of rocks of tin* Pegu scrie.s. The strata consist of alter¬ 
nating ])(‘ds of shale and compact, false-bedded sandstones with 
occasional tliin caIc.ar(*ous bands. Tiie structure Is a more or le.sH 

a.symmctric anticline witli tin* axis lying a little to the east of tlie 

liill range. Small minor faults are common and it i.s probable that 

fiirlln'r to the south a fault forms t.he broken crest of the anticline. 

Tin* sitt*. of the proposed dam is a breach in the. ridge, whicli here 
forms a mitural einbanlnnenT w^t^.st of which tin* stream runs till 
it cuts across it at right-angh*s at the site of tin*, dam. The avcrag<* 
dip of the strata is afioiit 3.5° to the wa.'st, or due up-stri'am at the 
site of the dam. On the soutli side of tin* bn'a<*li the dip is steady 
along the line of the Inind but swings .slightly to the south-west at 
its southern end, flattening for a short tiistanei*. Here, about two 
hundred yards from the breach, (here is a. small stieain which might 
be adapted to form an escape channel |)roeid('d the height waTe 
suitabh*. Nortli of the breaeli Mr. lirad.shaw' noticed a ci'rtain 
amount of ernmjding while some of tlie strata sonih of the breach 
show signs of buckling and havi* evidently been subjected to consi¬ 
derable stre.sses. Twh> small faults were noticed south of the breach, 
one about 100 yards south-east of it and the other near tin; small 
stream referred to abt)ve, lioth these faults appear to bi; sealed. 

At the dam site it3<‘lf theie is (*vposed a rather coarse-grained, 
micaceous, “ pepper-and-salt,” false-bedded sandstone mottled with 
reddish brown iron staining. This ro(;k is Tough aiul comjiaot and 
sufUcieutly impervious for all practical |uir|)oses. Eastwards it 
becomes rather more argillaci'ous and fj'iabli; while the clay partings 
are more numerous. The sandstone beds av(;rage about 18 inches 
in thickness and have vi;ry thin jiartings of pap<;ry shale or very 
argilhujeons sandstone. Occasionally the partings are (ialcareous. 
The sand.stom* and th<* shale are often ripplc-marke<l arnl sometimes 
coateil with elHorescent salts. North of the btea.(*.h the sandstone 
often contains* small nodules of green-grey shale or yellow ochre. 
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South of the breach the rock i’h fiuer in texture and is greenish buff 
in colour. There are thin partings of very fine-grained, dark shale 
whi<‘h also occurs in the, rock in flu; form of small, roim(h*d nodules. 

Though the coarse sandstone which occurs at tlu^ site of the 
dam is itself practically impervious, it is freely jointed. The majority 
of the joint planes are parallel to the bedding planes and so should 
not greatly afh'ct th(‘ tightness of the dam, but those joints whi(‘h 
cut across tht*. bedding planes might b(‘. a source of leakage at first ; 
the amount would probably diminish in time and the risk is dec.reased 
})y the, fact that in many places the cross-jointing does ru)t intersect 
the shaly parfings at all. 

No pits had been dug to prove the strata at the sit(‘ of f-he dam 
nor was any inforniation a.vailable as to tin* extent or shape of the 
impounding area,. In such ciTvumstancc.s it is uof possible, to give 
a dtdluite opinion mi the suitability of the area for the iuqiouudiug 
of water atid Mr. Jirailsha\N considers that his view.s should be 
regar<led as preliminary rather than final, lie stales lliot tin* sand¬ 
stone wliioh at fhe site, of the, dam is a tough and massive roek may 
then* he emisidered sufl'M ienllv imjx’rN'ious loi- all praetieal purposes. 
The rock s<'(pjence itself, cou.sisling. as it does, of an altcruation of 
compact sandstones and thin shale parting.^, may he pronounced 
suitable for the retention of wafer. 1’hc gc(ilogica) structure along 
the line of the hvtuf is almost ideal, fhe strike being jiarallel to the 
line i»f the, Innnl arid tin*, dip inwar<ls into tlu* reservoir area. For 
the r(‘asons state«l above the im])oun(ling ana was not (‘xamined in 
detail ])ut the cursory examination imuh* iudicat(Ml that in all jiroh- 
ahility it would prova* wat(*r-(iglil. 

The possibility of tlie e.xistence of small, concealed fnnlts whieb 
might prove a source of leaka.g(‘ is perhaps uoi serious since it is 
to 1 >e ])resumcd that ilie reservoir has been successfully used for 
the impounding of water in tlie past. A more .s(‘rious [xtssibility is 
that the /ireneh in the ridg(* through whhdi tJie stream runs may be 
duo. to the pn‘seu(*(* of a fault plain*. 1’he fault., if it <*.\ist., is 
at present concealed by the alluvium but the buckling of the 
strai-a in the vicinity of the breach and the (*>.is1(*nce of the bia'aeh 
itself, make the pn'sem e of such a fault a ])OssibiIitv on which no 
definite opinion can he given until tin? sit(‘ is proved hv digging. The 
fact that while solid rock is exposed on t.hc h'ft hank at the breach 
there is no exposure of any rock other tJian alluvium for some-100 
yards to the south of it, is probably due to the widening of the 
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hif.'iu'h l>v ^'Todioii ol tin* lt‘lt hank on acconnf, of tin*, right-liaiulcnl 
turn nuuh' l»y tin* sti’t'.Jin. * 

l(: is r(‘f 'anmi*ti(h‘(l that hiaJ |»i(s or, I)ct1< r, a deoj. t.micli, hUouuI 
la* tliii* aloji;; I Ilf lirji^ «>i i lic propo.^a'd (lain site to jn’ove the j)rcs(*iu‘c 
or I. f* ol colli iijiioiKs solid rock sinla,l»lc Jor tln^ foundations 

of a dam. k'or (ho ox(.;{j,(.r <,1 ilic Icnoi.k of llu* proposed bund 

the work would merely consist ol the raising oi tlu' pres(*nt level 
liy a few feet, (food uliiivial ear1,li is uvadablfj ido.sc to the reservoir' 
area ami there is an alnindanec of good saiulstoiu; at the site of the 
dam itseli. The most suilalde is, in Mr. Bradshaw’s ojunion, the 
tough, comfiact rock v. liieli occurs at I ho dam siti' and which should 
be used in preferi'iuaj to the more argillaceous and friable typt's 
which are found cast and south ol tlic broach. The sandstone is 
freely jointed and caj-y to work. 

Mr. jfradshaw suggests iliat should it be dei.idl'd to construct 
an eartheni dam it might be advisabh*. lo build one with a core 
wall l)(!causo. of tin* ddhculty of bonding larthwork with the solid 
rock which ()(;curs uortli ol tin* breach. Ho al.so notes that it is 
wlu're f'lui prc'scnt breai'li in tin* ridge o.\ibts fliat the enibanknu'iit 
will be wliolly artificial, and .suggicsfs tinit it might be advisable to 
cut tin* escape oi oyt.-rilow chaiineiy elsewhere ratiier than at this 
point. 


At tJie close of Jiis field season in Hirohi JState, llajputana, 
Mr. A. li. Coukson proceeded to Jiiansi in order to examine a widl 

concerning which certain questions had been 

Un1te(l*Provhices.^"’’^’*'^ Harrison Engineer, ‘Jhaiisi. A 

m"Aor ami a large r soin'mi* for supplying water 
to the whole of Jhansi (.hiitonnioiit having boon sanctioned mean¬ 
while by the military authorities, flic well in question was required 
to provide only a temjiorary supply of yO.OOfi gallons of w’^ater daily. 

As Jhansi is situated upon a tract of gneissose granite with 
small stretches of alluviiun bordering the rivers, and as this granite 
is not water-bearing exccjit in the upper decomposed portions, 
there is no hope of olitaining artesian W'^ater by boring in the granites. 

On account of the special local conditions prevailing, the area 
tapped by the well in (piestion may be considered potentially as 
the elongated mass of alluvium of variable depth and width, 
stretching upstream from the well. Near the well, there is a natural 
underground dam of fresh granite and so the feeding effect of the 
downstream alluvium may be neglected. In order to augment the 




supply of water, the well, which is connected to a smaller and decj;er 
well, could be deepened. As an ulteinative a stone gallery could be con¬ 
structed from the smaller adjacent well stretching upstream between 
the larger well, and the fresh granite cropping out on the far side of 
the Baberi river. I’bis latter method would be less costly but would 
not have the ail vantage ol increasing ( he actual storage capacity 
of the large well by 120,OOU gallons (from 100,000 to 280,000 
gallons) which would be the result ol dc(ipening the larger well by 
10 feet, its diameter being 50 feet. 

With the oncoming of the hot weather ami the eoiitinual removal 
ol water from the natural iiiiclergroumi reservoir, the water-level 
drops and, as Mr. Coulson remarks, such a drop might be suflif ient 
to isolate the poOmtial reservoir into a number ol smaller discon- 
uect»-(J ones. The annual rainlall oi Jluuisi and its distrust is about 


.'i8’5 inches but, assuming a. minimuni annua) iaJl oi 15 inclus and 
a drainage, area afleciiiig the well ol 2 square miles, the ininimum 
amount oi water lulling annually fo replenish the reservoir' is about 
■i:i5,000,000 gallons; if but ^th of (his were available alter run-olf 
and evaporation, it would be siillicieiit to provide 200,(lOO gallons 
ol water daily jao\ idl'd it were nleally availafile tiiroughout tlie whole 
year. Actually, onl}' 30,(i00,(H)0 gailmis are required annually and 
ill the luoiibooii llu' 7,500,000 gallons pumped may be eonsidcred 
as being oldained from the niii-oii' portion of the annual fall, thus 
leaving but 22,500,000 gallons to be oldaincd frmn the natural 
reservoir dming the remaining 9 moiitlis. An actual working test 


alone will tell whetlii'r this will be available but, as ('aleiilated above, 


the fall is ample to replenish the rescrsoir by more tlian this amount. 

A previous test showeil I50,(i00 grillons ol water ytr dian in tlie 
hot weather but the test A\as earned out alter a heavy thumierstoiin 
and the water was not taken sullicieiitly far dow list ream to ciiiiire 
that it did not percolat<-* baelc to Ihi' well. A new te-t was to be 
made and if the supply of 80,000 gallons weie maintained, then the 
probabilities of it being availabh' throughout tlie whole year would 
be good at the same lime. It must be remembered that such a test 
does not repeat actual working conditions inasmueli for the months 
following the monsoon, the supply has not b«'en drawn upon to the 
extent of 80,000 gallons daily. 

According to Mr. Coulson there are abundant natural sub¬ 
terranean dams throughout the cantonment area along the courses 
of the Baberi and Dhobi rivers; the latter is better provided with 
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water storing alliivnuii but its (Irainaj^c area is eJiiefly the eaiitou- 
iiK'ut and f<>r reasoji.s ol puiity ot suj»ply, the Jiaheri river is 

le he |)i(deiT(‘<l. SIuhiM any large supply Ixj required, either a 
s(>nes ol W(*lls \voul<l have lo he siiulc or else a supply obtained Jrojii 
a more lavourahJe suuree without the cantoiimejit limits. 

aeOl-OQICAL SURVEYS. 

Whilst examiiiiiig tlie sillimajute-eoruudum deposits lu the lungh- 
houihood of Sonar Paliar (near Moiigmaweit village). Noiigstoin 
^ State, Rhasi Hills, Assam, Dr. J. A. Diuin 

made some notes upon the geology of the 
Khasi Mills plateau. Prom the Rrahniaputra [>laiiis southwards 
the greater ])a.rt ol the plateau is secai to eonsi.st ol a granitie. roelf, 
olteii gnei.ssie in texture. It varies from a (iiie^grauied joek fre¬ 
quently linely handed, to a. C/oar.se [>orj)hyrit ie, rocilc, which also 
usually shows a eeilain amount of h.indmg. In colour the, rock 
varies Irom white to red. So far as could he determined, thi.s 
granitie rock is int rusive into all tln^ otluu’ inet.imorphic rocks - 
mainlv’ iiomhh'nde .s<‘hist.s a.nd miea-.schists passed ov<‘r on the 
march. 

In the vjeinity ol Sona Pahar the dominating metamorphic 
rock is a sillimamtc; eoidieritc hint,ih‘Mpiart'Z-mi<-rocline gneiss with 
which is interhanded a sillimaiiiteMpiart/i schist. An additional rock- 
type is an ort horhomi»ic ])yro.v'(‘ne-diopsid«‘,-lelspar rock. There has 
apjianmlly Iksmi a eonsi<lerahie amount of lolding, hut the gmieral 
sti’ike ol tlu'- locks is east, and west.. 

The origin of tiu^ cordlerite-hearing gneiss and the sillimanite- 
quart./.-schist i.s not char. There i.s no douht, however, according 
to J)r. Diiim, that tiny an; ijiterlxidded and the siniphist sugges¬ 
tion would he that they form a siicec.ssion of highly aliirninoiis 
.scdiinentiry l/'.'ds, the sillimamte-quartz-.schist representing an 
e.\treme|y juire vari<;ty ot clay. It is witliin this aluminous scric;s 
that the sillimanite-corundum rleposits arc found. 

1’hc bottoms of the wide valleys are usually covered with a 
thick peat deposit. 

During the field season 1020-27. the Jiihar and Orissa party 
consisted of Mr. H. CVcil doiies ^in charge), Dr. M. S. Krishnan and 

Itiliar aiiii Orii*sfl. Sub-Assistant L. A. Narayana Iyer. 

(Bonai and Keonjiiar 
Statea). 
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Mr. Jones contimioJ sysieniatir geological survey of the iron 
ore area in tlu; Peiidatory State's of llonai and Koonjhar, ainl worked 
e)ii the Hiliar aiul Orissa standard sliee'ls Nos. 7J (f/1 and 0/5. The 
geology of fli(', area worked over is very similar to tiiat gone over 
last season. The Iron t)re serii's occupies most of it. Good 
sections tlirough the iron ore range an? not often seen, but the »Samaj 
stre^lm breaks through the rang<.' near Toda {'Jl ' 50': 11') and, 

about 12 mik's iartlior to the south, near Oumaro {21’ 50': 

85" 07'), tJie Kjirhadl stn'ani breaks through, and at t^ach ol these 
]M>ints jir<i evcellent sections through tbe, range, in tlie former cjise,, 
the baiuhsl Inematile (juartzite whii'h forms the, baekbouti of the 
range seems to be, very folded and is generally bent into a steep 
anticiinorium, whilst in the latter cas»‘ the bedding, wliieh strikes 
N.iN.i*]. S.S.W. and dips a)»onl( 70' to tlie VV\N.VV., aiipears very 
regular; alLliough folding and laultiiig are, fairly common, these do 
not si'em to ad’ect. the general striki' and dip of th(‘ rocks. In the 
Isiirhadi stream gorge tlum* is a, fliickness of about 2,500 h'ct oi the 
banded lijeniatilc (juartzite exposed. At the west <Mid of the, gorge 
tlie (piartzite is overlain l»y thick Hows oi basic igneous ro{*,k (mainly 
('pidioritii), which in piatvs has jienetrated a,long the bedding 
planes .and cracks in the ujij'cr IkmIs of (In* (juartzite, hat seems to 
have had little elfect on it. I'ln* country at the east (‘iid oi tlie gorge 
is largely covered, and tiie rocks undi'ilying the (juartzite arc mainly 
diales. 

An interesting occurrenc(‘ of vuleaiiic ash, in which are numerous 
W(‘ll round{‘d volcanic, bombs, was noted in the abova', inentiojhjd 


basic igneous kxJs. The asli bed is e.v()()S(*d in the Kurliadi stream- 
course near Dadan Jlaikela. (21'' 52' ; 85'' OG') as a liue-graiued 
greenish-grey somewhat .'=:(Jiistos(-looking rock, m which a number 
of well rounded and soiiudinma angular boulders up to a foot or 
more in diameter, (xcur. The rock forming these rounded masses 
is a rather hard, tine-grained com})act cpidiorito, and has (juifcc a 
diffcient appearance from tlmt of the ash in which it lias been 
embedded. Jt s<>raetimes contains at (.'as of \\ bit (^ (jiiaitz winch were 
probably steam holes when the rock was in a molten t'ondition. 

The conglomeratic sandstones noted by Mr. Jones last season 
W('re found to ext(‘nd only a very short distance to the sotitii before 
the granite appeared. TJic small (‘xposure of these sandstones in 
t-hc area gone over did not give suUicicnt evidence to decide their 
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111 the extreme .south of the area worked, the banded h®matit6 
(liiartzite and yhales f)l the Iron Ore scries appear to bo bent into 
a north-easterly [jitehing overlolded synoliiiornm, the western arm 
lorniiug the main iroji re range, the rocks of which strike roughly 
N.-lS. or N.N.hj.-S.'.W., with a dip ot about 70'^ in a direction W. 
or W.N.W. 'riu' cast(!rn arm strike.s roughly N.E.-8.VV. with a dip 
of about .U) to •10'^’ to the N.W. Although there are considerable 
quantities ol good haematite in the eastern arm area, the replacement 
appears to bo not nearly as extensive or comp’etc as in the 
western arm. 


Mr. Jones pai<l two visits to the prospecting work being carried 
out bv the Tata Iron and Steel Co. at their Noamundi iron mines 
, Ill the Singlibhum district. Mining work has 

ln>pecn».iis, , , , r • 1 1 1 11 

been started on a fau’ly largo scale and the 
output when tie*, mine was visite<l in early April 1927, was about 
1,000 tons daily. This mining work lias proved that some of the 
shaly ore can he, used hi the blast furnaces. This .shaly ore is often 
rather friable, and tlu're js a considerable amount of waste of fines 


during mining, Liansport, etc. J'lie prospecting work has also .shown 
that the area is very broken up by faults, so that a larger 
number of jtrospei ting pits and borings would be necessary bo 
obtain anything like a reliable e.stimate ol the quantities of iron ore 
on the property. 


The gi'ologieal mapping of Iveotijhar State, Bihar and Ori.ssa, 
which was coiumeiiced in the last field-season, was continued by 
J)r. M. S. Krishnaii during 192(3-27. The area mapped lies in Burvey 
sheets 72 h’/kd, (1/5, 0/9, G/10 (I inch -l mile). 

The geological seipience in this part of the country is the same 
as that given for the, adjoining region in the. General Report for the 
last season (/I'ec., GeoL Sure. Ind., LX., p. 77). The oldest 
rocks, which are of older Dharwar age, are confined practically 
to sheet 72 F/ld, except for a small area to the west of Kondraposi 
(21° 48' 20"; 85° 21') in sheets 72 G^5 and G/9. A number of irre¬ 
gular inclusions are also found amidst the granites. They consist 
of hornblende and mica schists, and quartzites; these last show 
signs of crushing, the fragments having been re-ccmentcd by secondary 
silica. Microscopically they arc seen to consist of quart-z grains 
with sericite as the cementing medium. 

Veins of quartz sometimes traverse the planes of schistosity in 
the schists, and seem to belong to the period of granitic intrusions 
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since they arc tree from the cifoubs of pressure prouiineiib in. the 
schists. The iisuai diuectiou of strike is N.-.S., or between this and 
N.N.VV.-S.8.K.; the dip is always hi«h, and l>e(pient]y vertical. 

The Iron Ore serii'S, composed of sandstones, shales, banded 
h eniatite quartzites, and shales, in ascending order, occupy the whole 
of sheet 73 G/o and the adjoining western edge of sheet 73 G/9. 
The Jowermost beds are sandstones, with Ijands of quartzites and 
conglomerates. Th(‘SO {lip at 15^ to 25 ' in a direction which 
varies Ixdwecjn \VM5°N^. and \V.I5\S. Tluj conurlonnuates contain 
[)ebbl('s of (piartz and jasper; the lattc'ir arc iwjt found as consti¬ 
tuents of the older Dharwars in this area, and hence may eitlier have 
conn! from a distaime, or have been derived from beds which have 
since disaj^peared Ih ough denudation. 

Li’ieJi.l evidence slnnvs tile existence of two series of shah's, one 
above, and the other below, the bandiid h’ luatitc quartzit<5. Owing 
to their lithological similarity, tlisiincjlioii between the two shales 
is ditiicidt. Tliere is ])ro])ably a slight unconformity Ix'tvvc'cu the 
lower shah'-s and sandstoix's. The sliales striki!, on an average, 
ill a N.hj.-S.W. diri'ctiou, the ilips being fairly high. The alteration 
of slndes to lati'.ritc is a wide-spread jdienomonon. At some localities, 
more lavourable conditions have given rise to pockety segregations 
oi iron and nnuigaiiese ores (linionite, huiiiiatite, pyrohisite, wad, 
psiloinclaiie, etc.). 

The banded luiuatlti! (juartzites arc conformable to the shales. 
They are. composed of alternating bands of luinatite and quartz, 
the average thickness of single bands being about l/loth iiudi. The 
rocLs are considerably folded with a dip in a N.VV. to W.N.W. 
direction at usually 30*^ to 00'^. 

Parts of the area, particularly the hills composed of banded 
hxunatito (piartzite, are capped by iron ore which is a product of 
metasomatic iv'placemeiit ot {piartz layers by the ferric liy<lrat«‘ 
carried down by percolating waters. Tin* jireseiice of organic acids 
derived from decaying vegetation and a ilnctnating water-table, 
should have facilitated the r<!placemont. The quartz leaclnid away 
during the process of replacement is frequently seen at the foot of 
the hills, or in the immediate neiglibourhood. 

The granites arc intrusive into and younger than the above- 
mentioned formations, and occupy nearly the whole of sheet 73 
G;9, and the part so far mapped in G/IO. They generally bear 
microcline, and are poor in ferro-magnesiau minerals. Veins of 


H 



1)8 


iU-(M)rds oj the deological iSurvey of India. [ VoL. LXl. 


(jiinrlz and secMii to bo common but Dr. Krishnan has, 

so far, cojiic a(a’o8S none of tlio minerals associated with large masses 
of granite. This points to the complete absence of any mineralis¬ 
ing influences. 

A granite*j)orphyry occurs in an exposure near Nardupur (21° 
59' DO"; 85° DD'). 

Jlelouging to tlie same granitic siiib', is a dyke of rather peculiar 
sub acid com]josition, stretching from Sosang (22° 1'; 85° 40', in 
sheet F, 12), to near Khnntaj)oda (21° 52'; 85° 3G' 30", in sheet D/9). 
'J’lie sp(*eimens collected from this dyke show ty 2 )es varying from 
almost [Hire miero-jx'grnatite (sp. 30/502; slide 17,168) to aiigite- 
diorite M'itli interstitial mierO'ijegmatitc* (sp. 36/510 ; slide 17,480, etc.). 
Most ol these show a lair amount of greiMiish epidote. 

The yiaiiigest of th<’ lormations are basic igneous rocks, seim 
mostly as dykes in tlu*. granite region and as sills in the Iron Ore series. 
Th(^ majority of the dyki's trend conspicuously in a N.DO'F.--- 
8.30''W, diieeti«)n, whieli eorres^ionds, in some iiurts at least, to the 
direelion of one s(‘t (jf joints in tlu; granite. 

The [)elrogia|)liic tyjies include gabbros, dolerites and basalts; 
they ai(' devoul of olivitu' aiul rhoniliic jiyroxeiie, but enstatite-augilo 
is sometimes, and inbustitial microjiegmatite almost always, pre¬ 
sent. This last eiiaracteristic may eitlu'r be due to the absoi'iition 
of siliceous material from the granite, or may be a peculiarity of 
the basic, magma itself. Th(*re is a great di'al of similarity between 
these* and the trap dykes of Cudila])ah age in the Madras Presidency, 
and the dykes in the Dijawars and Dwaliors {see Sir T. H. Holland ; 
/.'cc., (irol fSiiiv. iiui., XXX., jn). 31-37) v.'hich suggests that all 
these may have a community of origin. 


During the lield-season, 1926-27, Sub-Assistant L. A. Narayana 
Iyer was (.“iigaged in the geological survey of the Kolhaii Dovern- 
ment Fstate, Pihar and Orissa, on staiulard sheets 73 F/3, F;7, 
F ll and F16. Sheets F, 11 and F/16 have now been com- 
etod. 

Kocks met with included the older mctamorphics as inclusions 
in the Singhbhum granite, the Iron Ore series including the acid and 
basic volcanic rocks, and the new'cr dohuite. 

The rocks of the Iron Ore series in sheets F/3, F/7 and F/11 
are desr ribed as consisting mostly of shales, which show little evi¬ 
dence ol metamorphism, and in some jilaces even no cleavage, but 
are massive and earthy. These shales often pass into a white clay or 
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kaolin, of which some of hills are made up. In one place this clay 
was workeil for some time for kaolin. TIk; shale is sometimes 
sandy, sometimes silicilicd and often jmsscs into the dark carbo¬ 
naceous shale. There are also thin bands of inter bedded sandstones 
in the shale, and these sometimes form bold ridges. The 
shale varies from an earthy brown colour to almost a pure 
white. 

The igneous rocks of the area are both acid and basic. In the 
white shale on some of the hills occurs a gritty rock, whitdi 
on examination is seen to be either an altered acid volcanic tulf or 
a sheared cpiartz porphyry. Tlu; latter is a devitrilied ancient 
lava. The ground-fabric of th(‘ aciil rocks is so similar to tlu'. shales, 
that some at h'ast ol the lattci’ may have been derived from these 
volcanic rocks. Similarly some ol the darker shales are deprived 
from the weathering of tiie- tiolerites. 

Ill sheet F/7, the basic volcanic flows or sills are found to a 
greater extent than in sheet h’/H. Tluiy liave been found in the 
north-east corn(‘r of the sheet, in the central [)ortion and west of 
Sangajala. The first mentioned are in continuaLioii of., and more 
or h‘.ss in the sam<! strike with the 8aidba volcanic flows map[)ed 
by Dr. Duim in sheets, h. (>, h'/lO and F/J4. A larger development 
of the basic flow is seen round Kendbai in the Leda Keserv'(M] 
Fon-st; here th(‘. flow consists of numerous bauds of dolerite. with 
intervening shiilc (at times earbunaeeoiis) extending from the 

neighbourhood of Kendbai VV.8.VV. towards the Karo Jtiver. There 
are also further bands south of tliis area lunning wa!st of the main 
ridge, Patum liuru, and also thin bands running along it on its 
castt'in flank. Home of these bands west of the main ridg<‘. cross 
the Karo and are fouiul in the hills of tlie Ambia KcsiTved Forest. 
The dolerite in the areas is somewluit altered ; the pyroxene has been 
clianged to chlorite, tlie plagioclase to sorieite and saussuritc 
liberating quartz, while the ilmenite has all been changed to 
leucoxeno. 

Mr. Iyer inits forward flic view that south Siughbhum was an 
area of volcanic activity as well tis nortli Hinghblium, but that the 
basic sills and flows do not cover such large areas as in north Hiiigh- 
blium. An additional intiirciit lies in the presence of acid volcanic 
rocks in close proximity to basic while, the rocks of north Singhbhum 
show all stages of metamorphism \ their supposed equivalents iu 
south Singhbhum have undergone little change. 

li 2 
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Whilst iiivcstigaiiii^ deposits ot kyatiite in this Province, 
Dr. Dium made a traverse through Kharsawau and Seraikela tSlales 

, and the Dhalbhuni sub-division of tlic Singhbhum 

Bihar and Orissa. , , . ® 

district. 

During this traverse lie noted that the beds in iiortli Singhbhum 
which he has classified as the equivalents of the Iron Ore series continue 
south-east into Dhalbhiim and carry the same metamorpliic faihes. 
From the general cast-west strike of the rocks in north fciiughbUuin 
there IS a gradual swinging of the strike to the south-east so that 
ultimately in the south-east of the area the strike becomes south- 
south-east, continuing into Alayurbhanj State. 

Dr. Dunn examined the kyanite di'posits of Barabhum in ti.e 
Manbhum district, and is of opinion that the contact between the 
Ohota Nagpur gramte-giieiss and the Iron Ore series is not a fault 
junction, as indicated on the old maps, but a natuial intrusive 
contact. There is, however, apparently an impersistent line oi 
lault some distance to the south of the boundary of the grande- 
gneiss. 

During the held season J 1)20-1^7 th(5 Burma Party consisted ol 
Dr. J. (A)ggin Brown (in chargi'), Messrs. F. .1. Jhadshaw, C. T. 

Burma Parly. Barber, 1*. Leicester, V. P. Sondhi and B. B. 
Uupta. 

Mr. F. J. Bradshaw resumed the survey of the Sagaing district 
but contracted malaria and enteric and had to close camp 

alter a wiH'k’s work on sheet 84 N10. At 
Ui^^r^Bifrina. ‘*'**'^*‘^*’ the south-eastern margin of the .sheet a ridge 

of Archiean rocks runs due north and south 
on tJie right bank of the Kivm* Irrawaddy and consists of gneiss 
with schist and bands of crystalline limestone on its western flank 
or forming minor hills west of the ridge. The limestone varies from 
a bluish-grey, laminated rock to a pinkish wliite marble, usually 
in thin, discontinuous bauds, and is closely folded. The cleavage 
planes were observed to di}) at about 30'^ towards the east; the 
bedding is parallel to the foliation planes of the gneiss and usually 
approaches the vertical, but Ihittens eastw'ards to about 45*^. 

Three miles east of Padu the limestone occurs as bands in a 
weathered, greenish, biotito schist with the biotite passing into 
chlorite. The rock in the main ridge is fresher, the predominating 
types being a pale-grey or white, linely-banded gneiss composed 
mainly ol quartz and felspar with a subsidiary ferro-magnesian 
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mineral which is usually biotito but somciiines hornblende. White 
quaitz is copiously inj(M;ted as veins and stringers into all the Archsean 
rocks. The schist often weathers like a shale, breaking into small 
iron-stained discs and deconijjosing into a pale gr(}(;n, calcareous 
clay. 

On the western flanks of the ri«lge there is a consid^nable. amount 
of debris which sometimes takes the form of a l)oulder bed with boulders 
of quartz or of th(5 various types of gneiss in a matrix of calcareous 
quartz grav(>l, the includ(;d boulders being angular, sub-angular, 
or rounded. Eastwards this deposit pass(‘s downwards into 
weatlu red gneiss in situ, and westwards into the quartz gravel 
which underli(‘s the dark s«)il-ea]) of the low ground. This quartz 
gravel is similar to th<‘ niafrix of the boulder bed and consists of 
a calijareous grit or gravel with small, usually unrounded, pebbles 
aiul boulders of quartz, gneiss or limestone. Though false-bedding 
was noticed in places the rock is more or less ine.oherent. The 
general di[) is uncertain but is probably low and towards the W.N.W, 
The size of the ])ebbles increases steadily as the ridge is approached 
until the deposit mcrge,s into the lov; scree of debris from the ridge, 
f’iie determination of the age of this deposit requires further field 
work. Though no fossil wood was noticed and though the 
(Icposit has clearly been derived locally rather than transported, 
it will probably prove to bo Plateau Gravel rather than Older 
Alluvium. 

Ju the hills between Saye and Ondaw the calcareous quartz 
sand or gravel is underlain by a Tertiary series of thin beds of saml- 
stono with intercalated, (^rumbling, calcareous shales in beds a 
fc.w inches thick. The sandstone is usually fawn in colour, and 
friable. It is sometimes compact, ferruginous, and laminated, some¬ 
times incoherent and coated with eftlorescont salts. Springs arc 
common but the water is usually saline. The hills are low and 
undulating with the dip and strike of the rocks very variable. A 
small fault was noticed on the road from Saye to Ycmyet. As no 
fossils of any kind were found, fnrth(;r field work will be necessary 
before it will bo possible to sii})dividc these Tertiary rocks into 
Pegus and Irrawadians. 

Before his deputation to the Touiigoo and Salween districts 
Mr. P. Leicester worked in the Amherst district for a short time and 
Amhersf district, mapped part of sheets 95 E/10 and E/13 

Burma, and completeil sheet E/9, 
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The granite, whicli oconrs along the coast in alieeta 04 11/12 
ami on K 0, ia continued sonthwards into sheet 05 K/lO, forming 
|]i(‘ low hills of Takalwin Taung (07^" 12' 10"; 15'^ 15' 0") and 'rhalmt 
Tanu'/ (07' 12' 15"; 15’ 12' 0") sitnate<l to tin* west of Tinyii. 

iJotli Thalmt 'ranng and TakalwiT) Taimg are composed of hioi.ife,- 
granite. 'I’akaivvin Tanng slopes steeply to the sea on ilie west 
and on the sea shore there are excellent exposures of distinctly 
handed hiotite-granite, with xenolitlis of dark hornhlende gra.milite 
lik(‘ that found at Amherst and in the other granite occurrences 
along th(! coast in slu'ot 05 lO/O. Tin; xenoliihs, some of which an; 
considerably twisl<‘(|, are drawn out in a dir<‘ction N. 15"" W. both 
tln‘ gra.nit(; and the xenoliths arc; ent by later veins of ])orphyritic 
granite. 


Thal)ut 'ranng is separated from the sea by a narrow ])and of 
alluvium and a sandy sliorc. The granite, a biotite-granite, exhibits 
remarkably good jointing resulting in the; formation of taluilar 
blocks and tin; ground around the hill is strewn with graiiitc boulders. 
The eastern sloj)es of both hills an; covered with laterite ju‘ar 
the loot and beyond th(; edge, of tin; laterite is a f(Ttile band of 
alluvium, a continuation of the allnvium found to the, north, stietch- 
ing to the railway on the east. 

The westerly dipping sand.stoncs and shales of tlic hills on tlie 
eoast near Amherst appear to be ref)reseni-cd by the sedim(;ntary 
rocks which form Mawpalaw 'Taimg (sheet 1)5 E/)5. O?"" 40' ; 15" 52'). 
'I’his hill is situated east of Karopi and forms a short ridge, with 
a direction N.M.W.- S.S.K., around which tin mining is being 
carriefl on on a small seah;. Tin; hill is composed of red, buff and 
white sandstone a,nd liandcd quartzite associated with shales and 
dark micac'eoiis slate. The whole is cut by quartz veins and 
.stringers which privsiimably carried the tin found in the laterite at 
the foot of the hill. 'Fhc strike of the sandstones is N. 25° W., 
with a dip of 45° to the w'ost. 

The tin ore; which is recovered from the, laterite at the foot of 
Mawpalaw 'Taung by sluicing during the rains and by panning, is grey 
cassitorite with a little black cassiterite. The ore appears to be 
derived from small cassib'rito-boaring quartz stringers intruded 
into the sandstones during the j)criod of granitic intrusion of the 
province. The tin has been concent,rated in the allnvium of the 
hill-sides and now appears scnttcred through tin; laterite; deposits 
in the vicinity. 
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Mr. P. Leicester, in the course of the work of the Rangoon Water- 
Supply and T-]ydro-Llecbri<i Survey Party, mapped parts of sheets 

04 R/ld. Of F/3 and 94 F/f in th»; Toungoo 
Salween districts. Tlui geology of this 
area lias already heen referred to under the 
Jtangoon Hydro-Eleclric and Water-Supply Survey on pag(i 20. 

The fi))(;-graincd granite, mentioned on page 31, when (jxamined 
under the niie.roseo])e, prove<l to he a soda-granite with quart/, 
dominant i<lioniorpliic alhite and subsidiary allotriomorphic ortho- 
clase and larg<^ well pn'served laths of bronn biotitc. 

The medium-grained granitt'. shows quartz with dominant 
orthoclas(‘, ])erthite, albite, ])iotite and accessory magnetite, and is 
thus a potash gninite. Among the granites met was adamellite 
consisting of quartz, oHhoclasc and labradorite in nearly eapial 
proj)ortionH with biotite and accessory magnetite : boulders of 
hornblende-biotito granite are of frequent occurrence in the streara- 
(joursos. 

About three miles S.K. by S. of Pyagawpu village an inter¬ 
esting example of river capture was noticed. The Bilin Ohaung 
has captured the head wat<'rs of a stream flowing northwards into 
the Thclaw Klo and has since continued to cut its way downwards 
through the alluvium and the uinh'rlying slates until, at the bend 
wliere the Bilin Chaung turns to flow south-eastwards, it is now^ 75 
feet below the valley of the former stream, leaving a cliff of alluvium 
at tin; southerfi termination of the Pyagawpu valley. 

Mr. V. P. Sondhi ma])pcd parts of sheets 

IrKiXrm!.'.''''*''" •’/I®’ 

Tjower (Jhindwin district, Upper Burma and 
recognised the following series and rock types 


Alluvium, 

Plateau Gravel and Plateau Red Earth, 

Irrawadian scries, 

Pegu series, 

Igneous rocks. 

The area examined forms the catchment area of the River 
Ghindwin, which is flanked on both sides by belts of alluvium of 
variable depth and width, generally consisting of a buff to brown 
sandy clay, resembling weathered Irrawadian sand-rock, from which 
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most of it is doii}»tloss derivtHl, though locally its lithological charac¬ 
ters arc highly variable. In tlic viciTiity of the volcanic tiilli 
(leposits it is seen to be iiiliiriatcly jniK<‘d with the latter and 
along the river laiiiks fiear Monywa (■22" 7'; 05" 8') it is fre/juenllv 
found to contain discontinuous bands of ferruginous (“ongloiiierate, 
with occasional |jie<‘es of idled fossil wood. 

Most of the country north of the North Yama Ohaung, which has 
an easterly course in >Slieets 84 J/U) and 81 X/1, is occupied bv th«‘ 
Irrawadian serii's, oftmi coviued by j>aM'.h(\s of alluvial mantle 
c.onsisting of an utistratili('d deposit of incolierent yellowish samI, 
sometimes stained r<'d vrith iron ovidi;. Kor the most part it is 
pure, though variidics mixed with clay, or locally containing lenses 
of pure tcmacioiis clay, are not uiiconimoii. niscontiniious bands 
of hard ferruginous conglomerat'^ and grit werii noticed at scvoial 
jilaces in this deposit and hically it is found to be very rich in siliei- 
fied tree trunks, which are sometimes very large. Along the lliver 
(Jliindwin the sand is generally hardeneil into a ioose '•andslone 
and often shows false-bedding. 

The outcroj)s of th<; Irrawaitian s(;ri(\s are usually capped by a 
surface deposit of Plaieaii Red iOarth, consisting of a brick-red 
sandy clay or of riateaii travel; the latter is iJie more fre (uont of 
the two, consisting of large, romnled quartz jicbblcs with fragmeu(.s 
of fossil wood and lorruginou.s concretions in a loose, re.ddish, gritty 
matrix. West of Kani (22" 27'; Ot" 51') it contains an abundance 
of fossil tree trunks an<J near Xatyin Daung (22" 31'; 01" 57') it is 
particularly rich in ferruginous concretions. 

South of North Y'ama (Jhaung a portion of the Pegu series was 
examined while its junction with the. alhiviuni wa^ being mapped wesi. 
of Monywa. The lithology of the series difh^rs widely from tb(i ty])e 
.^(‘ctioiis in the. oil liidds, the rock being a bedded calcareous sand¬ 
stone. The di])s are viuy variable and caniud be relied on, on 
ac('ount of tlui great dislurbance caused by igneous activity in tlu' 
late Tertiary perio<l miuufest in a number of small exposur(‘.s in 
the area. 

Tlui chief geological intere.st in the area centres round the varied 
suite of intrusive and e.vtriisive igneous rocks, a more or less con¬ 
tinuous line of which runs towards th(‘. north and has been followed 
for about 25 miles. For the last 13 raii(‘s or so they take a north- 
uiisterly direction and form a fdiain of extinct explosion craters which 
constitut'! a remarkable topographical feature of the country. 
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The igneous occurrences, wliich are manifested in a variety of 
forms, n)ay be grouped with regard to their geogrnj)hical distribu¬ 
tion, as follows:— 

1. Ithyoliiic extrusion, witli associated rocivs, w<'st of Monywa, 

2. fSongyaung explosion crater. 

JMyayeik 1’auug oecurre.nees. 

-1. Silaimg Tauiig basaltic mass. 

Okkan upland extrusive and intrusive rocks. 

6. lOxplosion craters from Ticshe (22’ lb'; 94^" 57') to Okaing 

(22'^ 24'; 95^ IV). 

7. Natyindaung basaltic mass. 

8. Isolated tuff deposits. 

About seven miles W.N.W. of Monywa, in Sheet 84 hl/4, a couple 
ol hump-shaj)ed hills stand consj)i(*iously abov<* tbe surrounding 
plain north ol the Ywashe-Yinmabin roa<l. They are composed of 
highly weathered rhyolitic- tuff and aggloitu'rate with occasional 
bhx'ks of rhyolib*., and to have imdergfme hydrothermal 

alterations resulting in the introduction of copper ore, which was 
chang(;d later into malachite and chalchanthite, occurring as veins 
and im])r(‘gnations in the tuff and sometimes containing disseminated 
grains of pyrite. 

'J'he low ground between the two hills is occupied by a highly 
decom[)ose(L mica-hornblendc-porphyry. traversed by veins of cal- 
cite; at the northern end of Hill “ 994 ” there occurs a pink 
quartz porjiliyry in the form of a dike partly running into tlio 
North Yama Chaiing. 

31a.]f-a-mile north of Mogyohinkanbya (22'' 3': 96° S'l a highly 
d(‘iiiuied conical hill of rhyolitic tiiif and breccia is described by 
Mr. Sondhi as cutting through the Pegu sandstoTu;, and another of 
rhyolitic tuff and agglomerate cuts through the sandsloiie of the 
same series two miles E.8.E. of the village. 

Two miles east of Songyaimg (22° 13'; 95° 3') on the right, bank of 
the Piver (Jhindwin, opposite Alon, is a low N.E.-S.W. hill with a 
gentle slope on all sides except the north wlu're it (‘iids abruptly 
ov(;r a shallow lake, with a scarp about 100 feet in height, deeply 
truncated near the north-eastern end and marking the site of an 
extinct crater. That part of the hill wdiich abuts on the river is 
composed of a highly jointed, comparatively fre.sh, dark, olivine 
basalt, which under the microscopci is seen to contain well-developed 
olivine phenocrysts in a ground-mass consisting of felspar laths, 
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iniinite grains of olivino and aiigitc, and magnetite dust. A little 
away from the river (In^ roek becomes higbly sooriaecons and vesi¬ 
cular. Further west it is r('])lae(‘d by a very (diaraeteristic bed 
about G l<‘<‘t tliiek, of l{i])illi held tog<’ther by a s])ars(' amount of 
an easily Wi^atherabh'- ceirient coinpos{al of voh;anic ash. Sonth- 
W(!st of the lapilli bed thciro i.s a de[josit of pyroclastic material, 
consisting of a number of uivconsolidaied beds of basaltic tuff, 
with a quiuitity (which varies in different beds) of rounded tpiartz 
pebbles, sand and occasional |)ioces of fossil wood. At diih'rent 
horizons m this deposit there occur beds of fine volcanic dust anil 
ash, which are often finely laminated. Repetition of the beds of 
coarsiir jiyroclastii,* material and laminated voh.’anic dust murks 
the dilh'reut phases of the explosive energy of the crater, and 
suggest that tlu' material was deposit(‘d by a series of rapid explo¬ 
sions of varying intensity and short duration. 

The bulk of the deposit is composed of tuff with small basalt 
fragments, the general paucity of large blocks being very eons[)icu- 
ous. It is greenish brown wheji fresh but ))ccomes darkiir on the 
weathered surface. Th(‘ gmieral dip of the deposit is to the south 
but near the centre of activity it is varialile. in direction as well as 
in degree. Some natural caves between the bedding planes, and a 
few small faults were observed, tlie latter being probably cau.sed 
by subsidence of the cave-roofs. 

One mile west of Myayeik (22® 8'; 95® 1') is a group of three 
small elevations known as Myayeik Taung. The main hill is com¬ 
posed of silieified rhyolite with blocks of quartzite on its northern 
.side. The small hill to the we.st is of shattered quartzite and highly 
altered basalt, and in the Yamadaw Chaimg in the south-west there 
is exposed a white rock composed of decomposed felspar in which 
crystals of biotitc arc very prominent. One mile W.S.W. of this, 
quartzite and basalt are again exposed in a section along the North 
Yama Chaung. 

East of Myayeik there is another small hill of purple quartz 
porphyry with specks of white decomposed felspar and hexagonal 
plates of glistening biotitc. 

About one mile north of Silaung (22° 10'; 04° 59'), Mr. Sondhi 
reports, a plateau-like elevation about 1\ miles long and 'I mile 
wide. It is composed of a dark-grey olivine basalt similar to that 
of Songysung crater, but unaccompanied by lapilli or tuff. On the 
other hand pink calcareous sinter with embedded fragments of basalt, 
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is met with some way down the slope of the hill. It is surroimclod 
on all sides by the alluvial plain, except to the north-west where it 
appears to cut throiii^h yellowisii sand with fragments of j^rit, 
apparently belonging to the Irrawadian seri<‘s. On thf^ wi'st 
south-west a slightly metamorphosed grajiite, much decomposed at 
the surface, is met with in a small stream. 

One mile west of Silaung Taung another broad plateau-like 
elevation is covcrcMl by an old green basalt, inter))edded at pl.'UMvs 
with (juartzite. The basalt is highly decomposed but the chief 
interest of the exposure lies in the occurrence in it of a variety of 
intrusive rocks. Near Okkan (22‘’ IT; 57') a coarse-grained 

white granite, composed of an ('qual amount of quartz and IV^lspar 
with a little hornblende, is found weatheTing into a crumbling 
wdiitc earth. 

One mile east of Taungbu (22° 12'; 91° 57'' is an occurrence of 
granoph}Te, a very compact rock, grey in colour, with white crystals 
of felspar and shining quart/. Under the micro.scope an interest¬ 
ing gradation from the cryptocrystalline to a perfect splu'rulitic 
texture is noticeable. The interspaces between the spherulitcvs arc 
occupied by a crypto granular mixture of quartz and felspar, ])assing 
into a cryptographic texture on the margins of the sj)lierulites wliich 
in turn passes to a true spherulitic- texture towards the centre, 'fhe 
spherulitic texture is sometimes seem developing round the quartz 
and felspar jdienocrysts. Other varieties of granojdiyrc wruv met 
with in small streams north of Taungbu. 

South of Chindaung (22° 11'; 91° 57') the hill marked Myetthaung 
Daung on the map is com])Ose«l of a vesicular, dark olivine basalt with 
plnmocrysts of oliviiu*, augite, hornbhmde aiid plagicn Jase, enilx'dded 
in a ground-mass of the same minerals with abundant laths of 
felspar and a little glass occurring interstitially. It appears to 
rest upon the quartzite. 

At Chindaung there is another hillock of a fresli, highly vesicmlar, 
olivine basalt very much finer grained than that described above. 

Half-a-milo west of CJiindaung a graniti’ boss is exposed in a 
roughly circular outcrop of about 1.^- miles diameter. It is very 
coarse grained, white in colour, and speckled with glistening biotite. 
On the west it lies in contact with qnartzose grit and sandstone, 
presumably of the Irrawadian series, which appears to be hydro- 
thermally a/Iectcd. On the north it is overlain by a surface tleposit 
of Plateau Gravel. 



10"5 


Tiemrds of the Geological f^urvey of India. [ Vol. LXT* 


iMr, II. I). Oldliam late of this DepartriKiiit wroto a dctaih^l 
d(‘.4(',ri()ti{*ii ol till! i^folo^y of th(‘ (‘xplosioii craters fron\ Ijcslie to 
Twiudaiinji^d <«> wJiicIi thero, is little to add. TJu; follovviiig remarhs 
may' l>e cotj.sidcred a siiininary of Mr. Oldham’s ol)S(‘rvations, 
together with such achlitioiial information as came to Mr. Somllii’s 
notice. 


A- string of explosion crat<*r.s. about eight in number, occurring 
in the. f«*nn of circular pits from half a-mile t,o \\ miles in diameter 
and IbO feet in depth, runs Irom Leslie in a north-iMsterly <liree- 
tion for about 13 miles, crossing (lu' Itiver Ohindwin at Sli\v<‘za}<i 
(22’ 'iV ; o') and <‘nding at Okaing (22'^ 2'J' ; 95° 3'). The pits 

to the west of the river Chindwin, i.v., at Lesho, TwinyWa and 
'raungbyauk, are sleejily walled by a deposit of bedded basaltic 
ash and tnlV, aiiout oO feet thick ami resting Ujion the yellowish 
bro\Mi sand of the Irrawadiaii serit's. The outer .slopes arc* vei} 
genth; and ari‘ covered by the volca,nic deposit for one to three miles 
from the crest of the crat(‘r pit. Near the margiiw of the dejio.sit 
the latter is invariably .se(*n 1o overlie the. Plateau (Iravel. fii three 
of the crat(‘r.s, one at (‘aeh of the above-nanied villages, the lloor 
is partially covereil by lakes, which being below the level of per¬ 
manent .saturation are hal by small .spring.^ oozing out near the edges. 
The aljsenc(5 of any hard rim of ba.salt in tlu‘S(‘ craters, saving a 
narrow basalt plug in tlu* Taungbyauk crater, is very conspicuous, 
aiul it seems highly probable that the pits were originally much 
narrower and deeper, ami that the present width and comparative 
shallowness aie due to the gi-adual infilling of the pit by material 
wa.shed down from the receding side's, whiedi stand unprotceteal in 
fhe alisence. of a hard crater rim. 


'Pile 'rwindaung erab'r on the ea.st bank of the River Chindwin 
differs from the re'.st in liaving a p.artial rim of basalt on its three 
sidi's and, on that aecoimt, of all tlie- craters it is the denjiost and the 
most perfectly preserved. Jt further differs in the natnni of it.s ejecia- 
menta which include, apart from the usual variety of olivine basalt 
met with at other placais, blocks of hornblende ande.site, peridotife 
and augite rock. 

The Natyin Daung basalt mass (22° 30'; 94° 59') occurs in the 
form of a doulilo cone cutting through th'* Irrawadian sand, and is 
composed of a cha.racteri.stic liglit grey to dark grey olivine basalt. 


» Jtec. deal. Surv. Ind., VoJ. XXXIV, pp. 137—147. 
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The two cones are separated by a narrow depression, tJie lloor of 
which is level with the siu'rounding plain. The southern hill, which 
is the smaller of the two, presents a dyke-like appearance as viewed 
from the south, and shows deep vertical joints, whereas on the 
northern slo])e regular horizontal joints are developed, giving the 
rock a perfectly bedded or platy a])pearanee. On the northern hill 
the basalt ls darkt'r in colour and much scoriated. 


Denuded remnants of older volcanic tuii deposits of a Iiasaltic 
nature, w'uicli, judging from the distance from the craters at wdiieh 
tliey are met, must h.ive been more extensive tlian the newer ones, 
are encountered at se\'ei‘al places south ol tlic Twindaung crater 
and at Dambwe ('J2' 1‘/ ; O'). Their general outward appear- 

iiiiee and curvature suggest that the craters ironi winch they ori¬ 
ginated occupied very much the same position as do the existing 


ones. 

On the east bank of tJie liver Cliindwiii, opposite Matlabo hJortli 
{.12’ Irf' ; Ory^ 2'), a cliff of basaltic tuff, similar to that of the other 
craters, stands conspicuously over the river, accompanied by 
huge blocks of basalt. Tln^ latter suggest the proximity of the 
source, but no crater was actually found in the vicinity. 

It may bo noted that in the area uiuler consideration more than 
one ]>erjod of igneous activity is noticeable, and that the youngest 
approx imatidy coincitlcd with the older in geograpliical position. 
The old(‘r, or late Tertiary, activity is represented by a more or 
less complete cycle as under:— 

(1) The extrusive phase including the isolated liasaltic tuff 
deposits at Dambwe and south of Twindaung, the older 
basalt of the Okkan upland and the rhyolitic extru¬ 
sions west of Moiiywa. 

(2) I’he plutonic phase - including the granites of the Ukkan 

upland and west oi Silaung Taung. 

(3) The dyke phase —including the granophyres of the Okkan 

upland, the quartz porphyry and miea-honiblendc- 
porphyry east and south of Myayeik. 

The most recent volcanic activity is manifested by the extrusive 
phase only, and is represented by the existing crater pits and their 
cjectamcnta, including the Natlabo tuff deposits which rest upon the 
Pleistocene Plateau Gravel. 

The olivine basalt masses which cut through the Irrawadian 
sand-rock, and the older basalt at Silaung Taung, Myetthaung Daung, 
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(IhiiKlfiuiig, und Natyiiidjiiing, an* cotiiparatively fresh and unJ(‘,- 
(utni[K)sed, aJid an* mueli youiig<!f thaji tij(^ ])asalt of the Okkaii 

upland, l>uf tlierc is no fvkh'iieo to show how far these basaltic 
extrusions are connected with the latest or post-ldcistoccne period 
of igneous activity. 


Aft(*r short Instructional visits to Ycnangyaung and Singu wlnne 
he studied the Tertiary type sections, Sub-Assistant 11. 11. (lupta 
resumed survey work in the. Lower Chindwiji district, completed 
sluM'ts 81 J/15 and J/TO and mapped part of sheets 81 J/JI and 
J/LA 

The greater part ot slieets 81 J/15 and J/IG is occupied by rocks 
of the Irrawadian seiif's. fu the northern })art of sheet HI J/15 
there is an iulier of th(‘ rondaiing stage and in sheet HI J/16 there 
are somi! igneous ontcnjps. The rest is covered ))y Jlecent deposits. 
Loose sandstoiu', ^^rits and ferruginous conglomerate are the (Oiicf 
components ul tln^ Irrawadian, thougli subsidiary beds of shah; arc 
not iufre(juently found. Induratetl sandstone was noticed in the 
river bed near the village' of Thanlegyi ',22’ 12'; 91'^ 51', approx.) 
und also in a uu/cf abmit half-a juile' south of the village*. Wazin 
Taung is compe>se*el of ierauaeiiaJi ioe;ks, some of tlie lower beds 
be'ing metaniorplioseel as a re'sult of igneous intjaisie^ns in the area. 
A vertebiate! feessil, [)rovisiem:dly ]>referred to Maslodoii, was found 
about thre'c-and-a-lialf miles E. 10' N. of Nyaunggaing (22*^ 12'; 
01'^ 17' 50", api)re)x.). b\)ssil wood is plentiful throughout the area 
covered by the two slieets. 

The Oondaungs are re.'presente'el in sheet Hi J/15 l)y sandstones 
and conglomerates of the usual typee, no fossils being found in them. 
Oil the western boundary the Irrawadian appears to rest uncon- 
formably on the i^ondaung. In sheet 81 J/IC basalt and olivine 
basalt tuffs were noticed about a mile south of Obo (22° 10'; 91° 51' 
30", approx.), the chief component of the tuff being olivine basalt. 
The cementing material is calcareous and quartz was noticed under 
the microscoj)e. llasalt was also found in the pass between the two 
conical hills south of Wazin 'Taung. Decomposed biotite granite 
was noticed north-east and south-west of Wazin Taung and a very 
small outcrop of dolerite was seen cutting through the granite 
exposed north-east of Wazin Taung. 

The rock formations met with in sheet 81 J/11 are Irrawradian, 
Tegu, Yaw Hhalea and the Pondaung Stage. The last three have 
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a general westerly dip and crop out (iunsccutively, a scarp foriniug 
tlic eastern boundary of the P(;gus. The Iriawadiajis are faulted 
against tiic Pondaungs by a strike fault wbi(*h riuLs ajj^eoxirnatoly 
north and south. The Pegus are cliielly eoniposed of massive? 
muddy sandstom? with intermediate thin bauds of rather arjjiiaeeous 
shale. Because of insufiiciient fossil evidi'nce tJiey have not b(H‘n 
di1T(‘,rcntiatefl. Current-bedding was notieeil in tlni sandstone in 
some of the sections. A narrow outcrop of Yaws, about hall’-a- 
niile wide, was ina]>ped ; the rooks ar** chielly niifossibrerous shales. 
Sandstone and c,ongloui(U‘ates predominate ni tlie Pondaungs. The 
constituent pebbles of tlie cougloineralt's an? rather smalh*r tliaii 
those seen in tin* inlier noted above, or tJiose notietid in the Myaing 
area. Tin* geiuu’al ting)? of the saiulstiuies is gO'enish, wiiile a reddish 
ear til nvudts from the decomposition of tin' argillaceous beds. 
No fossils were found in thc.se rocks. 

The area west of longitinlo 91“ 35' on slns't Si ,1/12 wa.s ■snrv(‘yed 
by tin; late tiaptain F. W. Walker during t.h<; 1922-23 held si;a,son 
{llec., fJcol. Surv. Ind., Vol. LVJ, p. 11). t)f the nunaining portion 
the north-east(;rii corn(*r was mapped ))y Mr. B. B, Cupta during 
the, period under rej)ort. J\Dn(lautigs and lria\\a)liaus were the 
only formations mapped. The fault betweiai the Pondaung stag)' 
and the Irrawadian, noticed in slns't SI J/Il, was trace<l a.s far .south 
as the Tinzon Chaung, west of Ivabyu (22“ 12' 30" ; 91“ 40'). A 
v(;rtebrate fos,sil referred to Stajodon was found south of Kabaiiig 
(22° 12' 30"; 91° 41', approx.). 

At the request of the Covernment of Burma, the former ])racticc 
of having an oflicer of the Departineiit .slatioiu'd permanently at 

Yeuangyaung has been n'vived. Throughout 

V«!!insyim.s wSt*’ “'“I"' ‘'If' 

as Kesideut Government G(;ologi,st, Yen- 
angyaung, aiul as Official Member of the Yenaiigyaung Advisory 
Board. 

In addition to his advisory duties Mr. Barber subniitted several 
conlidcntial reports on various subjects. 


During the field season of 1920-27 Mr. Tipper took over tem- 

Central Provinces and porary charge of the Central Provinces and 
Ceniral India. Central India Party while Dr. Fermor was in 

charge of the Office. • 
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Mr. CVookahaiili; continued lii.s mapping in the northern Satpura 
tract, the ground Hurvc'yed including portions oI sheets 55 .1/10 
^ d/14, and lying mainly in tlio northern 

pari, or the Olihindwara district, but partly 
in the southern jcirt of the I\’arsingli|jur district. I'hc ground 
surveyeii was occupied entirely by (londwanas and Deccan Trap, 
in the projrOTtion roughly of 3: 1. 

The (Tondwana.s are ret(‘rred by J\lr. (.h'ookshank wholly to tlie 
Mahadeva division, and the obsiTved thickness in the scarps east 
of the Di.dlii river is some l,t)(J0 leet. These slrsta can b(‘ <livid('d 
into two fail’]}' well dehned sub-divisions, ol 'whicli the upp<>r lies 
(o the east and » onsist.s of about .’>0(1 feet ol line-grained sandstone witli 
carbonaceous chiys e.nd a, Jilth; congJonu'rati*. In these strata lossil- 
plants arii ainindant, and .-ome ilozen tl’llereiit species wv.ve col- 
l( cted ; the specimens have been jorwarded to ProJessor Salmi 
lor dentilication. 

'j’he lower sub-divisam is best seen to the north and west, and 
is ciiarai terised by masses of coarse congloineralc and nunierou.'. 
variegated clays. Tsaninally it is iinfossiiderous, but unidmiti 
liabh' plant I'cmains arc* hnrly common in the silicilied clays, winch 
occur whereviT Di'cean 'I’jaj) intrii.>iv(‘S jaercc this series. 

The junction betuiam these two sub-divisions is well marked 
on the northein edge of shei.'t 55 J/ll. hspeeially is tlii.s so lu'ar 
Saonri, where the plane of contact is clearly an unconformity. 
Passing from east to west, there is no sign oi any boundary. Indeed, 
the red clay.s td the lower sub-division are in places found intercalated 
between carbonaceous clays tyjrical of the upper sub-division. 

'J'hc Mahadevas lie almost hoiizontal, and such dips as have been 
obsei’ved are due to the disturbing effect of the Deccan Trap in¬ 
trusions rather than to any regional loldirig. Minor faults appear 
to be common, and ai-e frctpiently seen in places where carbonaceous 
beds exist and make observation easy, but no faults of importance 
were definitely fixed. 

The Deccan Trap rocks occu]>y in all aliout one quarter of the 
area mapped and frequently Jorm important hill rangiss. They 
consist mainly of immense doleritic sheets several hundred feet lliicK. 
Dykes are also fairly common, but are much less conspicuous. 
Ill many cases they merge into the sheets. Altbougli the tract 
mapped lies to the north of the country occupied by surface lava 
llows, Mr. Crookshank believes that two hills lying north of Kotri 
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may coiifcaiu tlic remains of a true flow, although this is by uo inea is 
certain. The [letrology of this iiitcrostiug set of intrusives is 
similar to tliat of the country noticed iu the previous General Report. 


Ouriug the season L02G-27, Mr. W. D. West spent four months 
on the continuation of his survey of the Dcolapar sheet (55 0/0) of the 

Nagpur district, working to the north of country 

Naspur (lislrici. p^-eviously mapped, e.specially in the neigh- 

ijtjurijood of Silari, Ivhapa, Ivadbilvhera, Tuyapar, Pindkapar and 
Karwalii. The last named village lies near the Seoni border, whiue 
air. West siiccee< led in joining "up his work with ground mapped 
by the late Mr. liurton iu P.)12-1.J. 

The general result of ihis season’s work is to conlirm the suc¬ 
cession of strata as priiviously de<iuoe(l and to render possible a 
general view of the disposition of folds throughout the southern 
portion of this sheet. In a generalised map it is shown that the 
important iSnari-Salai antic I in ori urn of calc-granulites and cal- 
citic marbles oi the Utekata and Lohangi stages runs right across 
the map in an JhS.E.—W.N.W. direction. To the north of 
this is the Gongartal-Pindkapar syncliuoriiiin of dolomitic marbles 
of the liieliua stage, with an associated anticline (the iuya[)ar 
anticlinorium) of the Chorbaoli quartzite st.ige, with a core of cal- 
citic marbles and calc-grauulites. Purther to the north between 
Pindkapar and Karwahi is a belt of iold(*d dolomitic marble, and 
(piartzite.s of the J3icliua and Chorbaoli stages respectively, in which 
the marbles occupy broad .synciines .ind the quartzites narrow separat¬ 
ing anticlines. To the south-west of the tSdari-J^alai anticlinorium 
is the broad Juiiewaiii syncliiic of domuitic marbles. Between 
the Chorbaoli ainl Lohangi .stages comes the xVlausar .stage or manga¬ 
nese-horizon, when present. Prom the di.stributioii of manganese 
ore to the .south, nortli and ea.st of the Junewani sync! me, and of 
the ([uartzites of the Chorbaoli stage, including the absence of the 
Chorbaoli stage in the belt between the 8ilari-8alai auticlinoiium 
and the Junewani sync.line, Air. West deduces the existence along the 
northern edge of the Junewani syncline of a thrust-fault with an 
E.S.E.—W.N.W. strike. This tlisluction is p rliaps confirmed by 
the existence of a baud of fault breccia on the southern edge of 
the sheet some three miles E.S.E. of Pauni. A newly discovered 
deposit of manganese ore northwards of Eeolapar and between nul^ 
stones 44 and 46 on the Nagpur road falls into the correct place in 
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the strutigrapbiea! sequence on ihe interpretation given. A general 
hj.S.E.—VV.JSl.VV. strike of the folds htas been previously noted. 
Towards the east side of the sheet, however, the axes of the folds 
are curling round to an J^.N.E. direction in conformity with the 
general sl/iike of the gneisses and schists to the east. The maj)- 
ping indicates a gentle pitch in the folds, the direction of which is 
not, however, uniform throughout the country mapped. Thus 
the Dongartal-rindkapar syiiclinorium is closed at both etids, 
indicating an 10.8.E. pitch at the western end and a 8.W. pitch 
at the eastern end. A study of Mr. West’s map indicates that in 
addition to the thrust-fault already m<;ntioned there may be at 
least one other parallel thrust, namely, south-west of Jhanjharia, 
wheni the duloniitic marbles of the Dougartal-l’indkapar syncli- 
norium approach so close to the calcitic marbles of the Silari- 
Salai uiiticliiiorium that a portion of the intervening strata may 
have been cut out by a thrust. 

On the })etrographieal side various points may be noticetl. In 
the Jfongartal-Tindkapar belt of the llichua stage, which, broadly 
s})eaking, consists of dolomitic marbles, many iiiterestiug mineral 
assemblages are found. These include anthophyllite-schists, antlio- 
phyllitc-spiuel-ehlorite-schists, grossularite diopside-microcline-granulib's 
and wollastonite-grossular-vesuvianite-diopside-granulites. Wollastonite 
does ]iot appear to have been recorded before from the Sausar series, 
while the grossularite-vesuvianite assemblage appears not to be common 
in regional metamorphisin. 

The rocks of the Chorbaoli stage in the country between Piiid- 
kapar and Karwahi include not only luuscovite-quartz-schists but 
also glassy quartzites often carrying microcline, the two rocks re¬ 
placing one am)ther laterally along the strike and also across the 
strike. It is not known whether these changes are due to original 
differences of con)position or to ditfcreiit response to metamorphic 
forces in accordance with which microcline has in places been con¬ 
verted by pressure into niuscovite. 

Concerning the origin of the calc-granulites (Utekata stagt‘.) 
Mr. West has an imj)ortant suggestion to offer. These calc-granu- 
lites are usually regularly banded with layers that are alternately 
characterised by labradorite and microcline felspar. Dr. Fermor 
and the late Mr. Burton have interpreted these rocks as due to the 
lit-par-lii injection of calcareous sediments by an acid igneous in¬ 
trusive, the labradoritic layers representing the original sedimentary 
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bands and the microclinic layers the intrusive bands. Mr. West 
has hitherto accepted this explanation, but now suggests the 2 ) 08 - 
sibility that the banding is due to some kind of seasonal variation 
during sedimentation. In the centre of the Silari-8alai synclino- 
rium are magnctite-biotite-giieissos similar to those that have been 
regarded in the fciausar tract as representing the igneous rock that 
was responsible for the formation of the ealc-granulites by Ht-par- 
lit intrusion. In the calc-granulites adjacent to his magnetite- 
biotite-gneisscs Mr. West has found similar magnetite granules 
in both the labradoritic and niicroclinic lay(*rs, and ho considers 
that this shows that the calc-granulites and the magnetite-gneisses 
arc closiily related; tlie evidencti rather suggests that this clos<-. 
relationship is due to tlic rocks being part of a sedimentary 
succession, which varies from a gneiss at the bottom to calcitic 
marbles at the top, with banded calii-granulibes as an intermediate 
variety. 

For several years Sub-Assistant D. S. iUjattacharjee has been 
in surveying jjortioiis of the Kagpur district situated upon 

Nagpur and Bhaiidara Kamtck bolt ot country occupied by the 

districts; Central Pro- 8ausar type of schists, which lie exclusively 

to tlie north of the main line ol the Eeiigul- 
JSTagpur Railway. Towards tlie end of the previous liijld season, 
Mr. Rhattacharjee commenced work on the Mauiida sheet (55 Oyti) 
surveying tlic north-west corner. During the present season he 
has completed this slieet and also surveyed a portion ol the western 
margin of the Rliandara sheet (55 0,1-). Practically the wliole ol 
this tract lies to the south of the Rcngal Magpuj* Railway lim* and is 
occupied, where not obscured by alluvium, almost exclusively by 
Archa'an rocks, of which the metamorphic schists belong to a some¬ 
what different type from those of the Sausur belt. In grade ol 
metamorphism they are comparable wntli portions of the Chil]»i 
Ghat series with which they are probably in stratigraphieul conti¬ 
nuity. They have been previously treated by Mr. P. N. Datta, 
who made some years ago a general surv<‘y of this part of the Ccntial 
Provinces, as belonging to the Dharwars, and it will be convenient to 
continue to refer to the phyllites and schists of this belt as Dharwars 
until their exact relationship to the Chilpis and to the 8ausar series luts 
been proved. Although the country is largely covered by diluvium' 
there are numerous exposures to be found in stream-beds and 
also a certain number of small hill ranges in which the rocks are 

1 2 
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exposed. Th(^ general strike of this belt, which may be referred to 
fis the lihandara belt of the Dharwars, is hkN.K.—W.S.W., parallel 
to the strike of the llamtek belt of the Saiisar series to the north; 
it is anticipated that a careful examination of the border country 
between the two belts may lead to an elucidation of their relation¬ 
ships. Excluding a small area of Deccan Trap with underlying 
’.ametas encroaching upon the south-western margin of the Maunda 
sli(‘et, the whole of the country surveyed consists of Atclneaii rocks 
with overlying alluvium. The ArcUajan rocks have been sub* 
divided by Mr. Bhattacherjee into the following lithological groups :~ 

(1) Amphibolite, 

(2) Chilpi (jrhat series (Dharwars), classilied provisionally into live 

types of zones ~{a) felspathic musc/ovite-qiiartz-schists 
with tourmaline and lenticles of vein quartz carrying 
wolfram, [b) quartzibjs, phyllites and slates, of which 
the argillaceous rocks contain a few knots of seiicitc 
and crystals of magnetite and garnet, (c) highly ferrugi¬ 
nous quartzite zone; {d) coarsely knotted sericitic zone, 
and (e) coarsely qiiartzitic zone. 

(3) Am phi bole-schists m which the amphibolc is often acti- 

nolitc. 

(-J) Orystallino senes consisting of gneisses, granite, pegmatites, 
vein quartz and muscovite-schist. 

ft has not yet been possibh^, on account of the detached nature 
of the occuiTcnces, to decipher the sequence of rocks in this 
tract, but it is evident on general grounds that the rocks may bo 
e{piivalent to a portion of those in the llamtek belt, except for the 
complete absence of manganese-ores and mangancse-silicate-rocks 
and of the calc-grauulitcs and various marbles, unless some of these 
latter aro represented by the actinolite-schists. Allowing for this 
difference in composition, Mr. Bhattacharjee supposes that the 
differences between the two rocks arc otherwise functions of inten¬ 
sity of metamorphism, and tliab the equivalents of the various 
types of metamorphic rocks in this belt arc to be found in a more 
highly metamorphosed form in the belt occupied by the 8ausar 
series in the Kamtok country to the north. The zone separating 
these two belts is largely covered by alluvium; nevertheless there 
are outcrops of rock and had there been a conglomerate, indicating 
an unconformity between the rocks of the two belts, exposures of 
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such should have been found. Further light on this problem is 
lihely to be thrown by the next two field seasons’ work in this por¬ 
tion of the Central Provinces. 

In his journey to the corundum dc 2 ) 08 its of Pipra in the south¬ 
east corner of liewa State from Mirzapur on the: Fast Indian Railway, 

Dr. Dunn r( 3 « or(lH Jiis imjm'ssions of the rocks 
liirtlar* Cenlral travelsed. The first rocks passed over after 

leaving the Gangctic alluvium were the 
Vindhynns. Those persist to the Son River, after crossing which 
iVrchn'an rocks are found. The country for the first few miles 
.smith of the l^on River is made up of quartzites, banded haematite- 
quartzites, jas],ery quartzites, slaty shales and innumerable basic 
traps, ;;p])arenlly contcmpoiuneous, all striking ea.st and west. 
One or two .small outcrops of limestone were also seen. This 
.series has been correlated with the Bijawars on the old map, but 
Dr. Dunn was struck with its similarity to the unaltered repiesen- 
tatives of the Iron Ore series of Singhbhum. Passing south from 
this area of viilcanicity these rocks merge imjierceptibly, without 
any apparent stratigraphical break, into an immense seijuence of 
slaty shales, striking ca.st and west from Mirzaymr district into 
Revv. State, hiear the Rehr River valley these become gradually 
metamorphosed and finally a gneissic-granite is jiassed over. In 
the Rehr River valley small patches of the Low(‘r Gondwana locks 
arc seen to rest upon this gneis.sic-granite and other metanioiphic 
rocks. 

Tn the vicinity of Pipra the dominant rock-type is the above 
granite which is apparently intrusive into all the other Archa'on 
representatives. 

Apart from the gneissic granite the most abundant rock-tyje 
is hornblende-schist. Outcrops of ihis have been alluded to as 
dykes, but a close examination convinced Dr. Dunn of the intrusive 
relation of the granite to tJiem. Their linear arrangement, ns 
in other parts of India, is, in Dr. Dnim’s opinion, dne simply to their 
excellent cleavage and to the fact that the granite Las intruded 
into and separated them along the cleavages. 

In close association with the corundum deposits, the mest 
abundant rock-type is a sillimauitc-schist usually containing euphyl- 
lite, corundum, rutile and tourmaline. An enstatite-bearing rock 
is also found; this is an enstatite-quartz-roek with or without 
plagioclasc felspar, ahd often with diops’.dc, the two pyroxenes at 
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times showino; an alteration to hornblciulo. Deep brown biotite 
is almost invariably pr(*sont. As a farther stage in the inota- 
morphic development of those enstatitc-boaring rocks, there are 
several types which show distinct peculiarities and occur simply 
as small ‘‘ segregation ” masses in the cnstatite-bcaring rock. They 
include pure cnstatite-quartz-rocks, enstatitc-cordicrite-rocks, garnct- 
sillimainte-cordieritc-quartz-rocks, garnet-dio])side-(piartz-rock8, etc. 

It is possible that the sillimanite-schist and the corundum bc<l 
form a highly metamorphosed aluminous, perhaps bauxitic, series 
of sedimentary beds. The enstatitc-l^earing rocks, however, seem 
to have been derived from pyroxene-plagioclaso rocks of igneous 
origin. Dr. Dunn remarks that it seems feasible that the 
aluminous clays were originally derived from this igneous rock. 


The Coal-fields Party continued their re-survey in detail of the 
coal-fielfls of Kaniganj and Jharia on the now 4 inches-to-thc-mile 

maps. The survey of the llaniganj field was 
ic<8 arly. ))t*^iin in the cold weather of 1925-2G and will 
be completed in the cold weather of 1927-28. Of the 25 sheets 
which cover this area 12 Irnve beam completed, 2 are awaiting the 
result of boring records, 8 hav(5 been ]>artially surveyed, and the 
remainder lie in country where the geology is simjile. The Uaniganj 
party consisted of Rai Bahadur Methu Rama Ran, Messrs. E. R. Oce, 
A. K. Bamuji and J. R. Auden, Assistant Superintendents, under 
the control of Dr. C. S. Fox, Olliciating Superintendent. 
Mr, Sothu Rama Ran has majiped the wc.stern end of the field and 
is continuing his work eastwards along th<i south side of the Damiida 
river. Mr. E. R. Gee has been working eastwards from the Barakar 
River and north of the Grand Trunk Road ; altliough his work covers 
the most conriplicated tract of the coal-field he has mapped the largest 
area. Mr. Banerji lias mapped the country astride the Barakar 
River and is continuing eastwards along the north of the Damuda 
Itlvcr and south of the Grand Trunk Road. He is making a petro¬ 
logical study of the sedimentary strata in addition to his normal 
work of elucidating the structure of the upper Damuda strata. 
Mr. J. B. Auden was attached to the Coal-fields party for training 
and has proved a valuable acquisition. He has been re-examin¬ 
ing the tract astride the Barakar River in an endeavour to arrive 
at a satisfactory correlation of the coal-seams on each side of the 
river. The delay in unravelling this area is due to lack of exposures 
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and a want of reliable data from bore-hole records. Two borings 
are to be pnt down shortly and it is expoeted that with the informa¬ 
tion thus obtained a reliable cornlation will be possible. The 
structure has been worked out with gr(iat care by Messrs. CTce, 
Jianerji and Auden in consultation with Dr. Fox on the ground. 
As a result of these visits of invSpcction and discussion in the field 
the Rariiganj party have come to the conclusion that the llarakar 
stage is conformably overlain by the Ironstone Shah' stage and that 
(he true Jiarakar-lronstoiK' Shale boundary must lie south of the 
Grand Trunk Road at llegiinia. An observation by Dr. Fox in 
regard to the false-beddijig in the Ihirakar sandstones has provided 
the clue which enabled the ujiconformity suspected ))y VV. T. Blanford 
to be satisfactorily accounted for. It has also Ix'.en necessary 
to revise our opinion in regard to the fossil wood bed in which the 
s])ccimen of Dadoxylmi was found three years ago. It was tlu'u 
thought that the fossil-wood sandstone was at the base of tlie 
I’auchet series in spite of the fact that the ])al{entological evidence 
indicated a Pahcozoic age. Messrs. G(’e and Banerjee north of the 
Damuda, and Mr. Sethu Rama Ran south of the same 
river, have found that th(5 fossil-wood sandstone is a definite horizon 
throughout the middle western tracts of the Raniganj coal-field, 
and undoubtedly part of the Raniganj stage. Dr. Fox visited 
several exposures and in view of a local unconformity above the 
fossil-wood horizon, the evidence of the fossils, and the remarkable 
parallelism between the fossil-wood bed and the Narsamuda-Pat- 
mohna coal-seam below it, has come to the conclusion that the fossil- 
wood sandstone should be relegated to the Raniganj stage. 

The new 4-inch maps of the .Jharia coal-field were not available 
until towards the end of the season, 1926-27, when Dr. Fox began 
the geological re-survey of the Jharia area. Of the 8 sheets which 
comprise this field he has already surveyed two sheets and surveyed 
more than half of two other sheets. He hopes to complete the 
mapping of the field during the season, 1927-28. In the course of 
his work in the north-western corner of the Jharia field among the 
Talchir beds Dr. Fox found that striated or scratched pebbles were 
exceedingly rare among the glacial boulder beds; he observed no 
faceted pebbles. The pebbles consist largely of granitic material 
and very rarely of quartzite. There are several pebble beds in 
the lower Borakar stage and it was thought that these beds were 
resorted Talchir ddbris, but an examination of the pebbles shows 
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tliat tliey aro practically all of quartzite; g^ranite pebMcs have 
not beoTi noticed. 

The D('paTt.m('iit is indehted to Mr. J. K. Ph(*l[>s of Jealgora. 
who spent considerable time ami trouble in collecting pebbles ami 
boulders from th(> sandstoTU! ocerlyin^^ Xo. 17 coal seam in the 
B.arakar st-age in the Jharia (Coal field, with a view to the elucida- 
lrio?i of their oriLon. Rome of the pebbles she\v<>d distijiet fa«'et.s, 
but since nearly all of these were found to coincide with joint planes, 
it was tlu' g'TK'ral (►])inifm that tlnav was no conehisiv(‘ evid<'nce 
of glaciation. 

The coa.l-seams in the Barakar sta,<jj(^ have ])rov(‘d to be less 
irreo;ular than was irtiaj^ined from [u'cvious iiifoi mation. It has 
also been found that iJie bas(>. of i be Bara.kar staee includes beds 
which wer<* earlier thou^^ht to ia* carbona(*eous strata in the Talchirs. 
There is thus no evidonc(‘ of ])liint fossils in the Talchirs of tlu' 
north-west corner of the Jharia held as previously supposed. 

The work has advanccfl far enough to show that there will 
be consid(*rable dilTerences in the Tiumbering of the coal-seams 
with regard to the old maps, but Dr. Fox is of tin* opinion 
that a r('.-numboring of the seams will lead to confusion and 
for the present no chang(^ in ihe recognised number of a seam 
is to be made. Tn many cases a conglonnu-atic sandstone is found 
l\dng immediately on a coal-seam wifh large, quailzite pebbles rest¬ 
ing on the coal. The fiedd evidence indicates that the substance 
of the seam must already have become coal before the jiebbles 
were deposited on it as the pebbles have not sunk into the coal. 

Tn addition to his work in the Raniganj and Jharia coal-fields 
Dr. Fox’s duties in connection with the new coal-fields memoir 
look him to the coal and lignite areas of the Punjab, Eajputana, 
Baluchistan and u])]aT Assam. Tn his opinion the coal of Tertiary 
age in north-western India is of one horizon, the so-called Laki 
stage (middle to lower biocene). A great area of marshland 
and lagoons appear to have covered this region in bToceno times. 

It is Dr. Fox’s opinion that although the lignite of Palana (Bikanir 
State) may have accumulated on the tracts on which the vegetable 
matter once grew, this cannot be true of the brown coal of Isa Khel 
nor of the highly bituminous coal of the Salt Range and Baluchistan. 
Tn several localities the coal-seam i.s seen to be intercalated between 
.shales containing marine fossils, blvcn in the case of the lignite 
of Palana it is thought likely that the vegetable material, after 
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conversion into mature peat, has been transported in water, pro¬ 
bably in the form of gelatinous material, and deposited in shallow 
coastal lagoons or in the quiet waters of a gulf. Q’liese north¬ 
western coals are rich in volatile matter, relatively low in ash if 
worked cleanly, and remarkably high in organic sulphur. They 
are excet'dingly friable and tlu'reforc do not stand transj)ortation 
or weathering. Tluiy wouhl do well for the n)anufacture of 
gas but are. clearly not suitable in a raw condition for steam rais¬ 
ing or simple combustion. If can* be e>:orcis<*d in picking out 
the dull shaly coal the remainder gives a coke of fair quality. 

In <-onnection with Dr, Vox’s visit to Assam, he re])orts that the 
coal-IU'ld beyond the Nanudiik, discovered in 11)11 hy Dr. M. Tf, Pascoe 
and Mr. (1. Webster, is far more att.ractiv(^ than nsany have siip])Osed. 
Dr. I’ascoe’s opinioii that it is an important area has been fully 
proved by th<* work of the geologists of the IJiirmah Oil CVmipany 
beyond Namcliik, where they hav(* found, according to their esti¬ 
mates, over 25 million tons of good coal in a gc'iit.ly ineliiu’d thick 
seam. The working of this seam will not involve pumping, as the 
seam is above the drainage level of the surroujiding countr}'. The 
tract is at present somewhat inaccessible. Tt is evidently the same 
seam as is found in the “ roal-Measures ” of the ]\fakum coal-field, 
Tn a new quarry, Tipong Pani, Dr. Fox found a thin band contain¬ 
ing gastropods, including a doubtful Natica in a shale band above 
the 20-foot seam. The true age of these Assam “ Coal-Measiircs ” 
has never been accurately fixed but the ])rovisional view is that 
they are the equivalents of the Pegus of P>urma and therefore* pro¬ 
bably Miocene. 

After completing his work in the Makum, Jaipur and Na/ira 
fields, Dr. Fox visited Badarpnr, where the “ Ooal-M(*a.surcs ” 
contain petroleum instead of coal. He accompanied Mr. II. M. 
Sale to the Kanchanpur boring, about 25 miles S. 8. W. of 
Padarpur. to collect fossils from a horizon which Mr, tSahi had 
found in 1921. Dr. Fox with Mr. Sale’s assistance; brougljt away 
a fair collection of fossils. These have been provisionally ascer¬ 
tained by Sub-Assistant P, N. Mnkbe*rji, to indicate an upper Oligo- 
cene rather than a Miocene horizon for the fossil bee! anel incidemtally 
for the petroleum-bearing “ Coal-Measure ” beels. Tn the Makum 
field at Bara Golai near Margherita oil has be*en sfruck in a well 
at a depth of nearly 2,600 feet below the <*oal of the Coal-Measures. 
Dr. Fox remarks that it is thus possible tliat although the petre- 
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loll in horizon in upper Olifi^oiMinc the coal seams may lie in the Miocene 
stage. Unfortunately the gastropods found by Dr. Fox at Tipong 
Paiii are with doubtful oxeoption.s unidentifiable, lie has, how- 
♦‘ver, made a collection of fo.ssil plants from the coni s<‘ams of the 
Makum and Nazira fields. These have been sent to Professor 
13. Sahni for identification. Dr. Fox agrees with the writer * that 
the occurrence of coal and oil in the Assam “ Coal-Measur(\s ” de¬ 
notes some intimate genetic connection between these two subs¬ 
tances. 


Parts of the following Survey sheets of the Salem and Ninth 
Arcot districts of Madras wcr(‘ mapped by Kao Dahadur M. Vinayak 

Kao: Nos 57 P/l, P/3, P/l and L/t3 (i inch- 
‘ to-the-milc). 

The following formations were; met with:— 


Ticeent:—Alluvium of the Palar and smaller streams. 
Arelnean:— 


Jalarpet intrusive : syenites, mottled gneisses and granites. 
Charnockites: norites, leptynites and acid charnockites. 
Gneisses and granit(‘s: hornblende gneisses, schists, etc. 
Dharwars: (piartzites and hornblende schists. 


For a river of the size of- the Palar the alluvium is neither wdde- 
.spread nor of any great thickness. There is little doubt that it 
has changed its course in this region. J3eds of sand, conglomerate 
and clay arc foiuid in the vall(.‘ys of streams where they debouch 
from the hills. Intru.sives of the Jalarpet scries were found 
extending from south of Tiruvannamalai (P/4) northward beyond 
Katpadi across tin; Palar. They consist of pink felspar pegmatites, 
mottled gneisses, hornblendic gneisses and syenites. Some of the 
dykes found in this area may be of the same age as these intnisivcs. 
The mottled gneiss with biotite mica is seen in the railway cutting 
between Kaniyambadi and Kannamangalam (12° 45'; 79° 9' 30*: 
P/l) and also west of the road from Katpadi (12° 57' 30*; 79° 8') 
to (31uttoor. It is also found extending south of Tiruvannamalai 
(12° 13' 30*; 79° 4'). Near Vettavalam (P/4) is found a coarse 
hornblendic granite which extends westward. 

In the mottled gneiss are found pebbles of charnockite (mostly 
norites). 


J'asi-oa ; Mem. flenl. Svrv, Ind., XL, j)p. .‘U8-:{24, 
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A thin band of syenite is found near Pallikonda, where the mot¬ 
tled gneiss is found at the base of the hill. A quartz felsite was 
noticed south of Anaikattu (P/1). 

Garnetifcrous Icptynitcs and acid charnockites were, found by 
Mr. Vinayak Kao in the liills east of Vellore. The charnockites 
form the mass of Tiruvannanialai Hill (P/l), and seem to extend 
only a few miles south of Tiruvannamalai. 

In sheet L/13 charnockites of the acid variety are found along 
the base of the hill south of the Palar river, 3 miles cast of Ambur, 
(lharnockites also form the main mass of Pallikonda hill. 

Charnockites extend along the railway line in sheet P/3, and 
tongues of this are found intruding the older gneisses here. The 
southern part of Periyamalai cf)nsists mostly of intermediate char¬ 
nockites. Bands of norites are found south of the Jagkudu’s 
Lodge at Pusimalaikuppam (12° 47'; 79° 15'. P/1). Charnockites 
have not been noticed north of the Palar. 

The older gneisses and granites are of small extent, and consist 
mostly of hornblendic gneisses and granitic gneisses. They are 
generally contorted, and in some places, such as the eastern face of 
the hill about 1 mile north of Kaimamangalam railway station 
(57 P/1), are full of garnets. Contorted gneisses arc found south 
of the road at mile IG from Kamiamangalam to W^alajah Koad 
station. The older gneisses are found in sheet P/4, where they 
are intruded by the mottled and hornblendic gneisses. They arc 
also found at the base of the hills in P/3. Small bands of 
Dharwars with hsematitc and magnetite were noticed by Mr. Vinayak 
Kao on the hill cast of Sottukinni east of the Cheyyar river in 
P/3 as well as east of Agaram Sibbandi railway station. 

Banda of quartzites are found on the western slope of the Peri¬ 
yamalai and Cainaticgarh hills. 

Dr. G. de P. Cotter was placed in charge of the Punjab Party 
. and was employed in mapping the uncompleted 

At oc s r c , un a . Attock tahsil^ Attock district 

(Kala Chitta and Margala Hills, and minor intervening ranges). 

Portions of sheets 43 C/5, C/6, C/9, C/10, and C/13 were mapped. 
This has resulted in the joining up by continuoiw mapping of the 
work done by Dr. Pascoo in the Chak Dalla and Fatehjang areas 
{Mem. Oeol, Surv. Ind., XL, pt. 3, plates 71 and 73) with the Hazara 
map of Mr. C. S. Middicmiss {Ibid., vol. XXVI). Meanwhile the work 
of other members of the party has carried the geological map south- 
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wnrfla over the Potwar plateau to Ihe neighbourhood of the Salt 
Pange. The geology, as might be expected, is very similar to that 
of previously ma|)])ed areas. Dr. Cotier regards the Attock Slates 
at Attoek as the continuation westward of Mr. C. S. Middlemiss’ Slate 
series in ITazara. 

The extended map of the Kala Chitta presents few new points 
of inlerest. In the south of the range, in the area mapped by 
Mr. n. M. Laliiri, some identifiable fossils (belemnitos, ammonites, 
and lamellibraiichs) were found, and a collection made by Field 
Collector, N. K. N. Iyengar. This officer also collected some poorly 
preserved bracliiopods from the Trias in the cutting north of the 
first railway tunnel south of Oampbellpur (Kundian lino). In 
the north of the Kala Chitta and in the minor more northerly ranges, 
th<; Qiumal bclemnite beds appear to be absent. 

A feature of the Trias, which was not observed in the area mapped 
last year is the presence of red ferniginous beds, which are associated 
with the fossilifcTOus marls from which the braehiopods mentioned 
above were collected. 

North of the Kala Chitta arc three minor ranges, viz., the Kawa 
Gar. the Campbellpur Hills, and the Kheramar with its eastward 
extension the Hasan Abdal group of hills. The structure in all 
these is the fan structure, and anticlinal and synclinal cn'sts 
arc very freipiently obliterated. 

The Kawa Gar, according to Dr. Cotter, consists of isoclinally 
folded Trias and Giiimaks with a strip of Lower Numraulitics along 
th<' northern margin. Between the Lower Nummulitics and the 
Trias-Giumal complex is a belt of shales of uncertain age: they arc 
later than the Giumals and older than the Tx)wer Nummulitic 
Limestone, and may represent either the Lower Eocene (Ranikot) 
or the Cardita hemmonti beds. Unfortunately they are unfossili- 
ferous. They appear to be more closely connected with the Lower 
Nummulitic Limestone than wilh the Giumals, but are separated 
from the form<‘r by a red bed which may correspond to the ferrugi¬ 
nous pisolite. In the Kheramar the Giumals are missing, and 
also in the isolatc'd hills which form an extension to the east, except 
in the Hasan Abdal Hill itself, in which the Giumals occur on the 
S. W. flank. 

At the local base of the Lower Nummulitic Limestone at the 
eastern termination of the Kheramar, there are black shales" with 
sparse nummulitos; those arc only exposed in stream sections. 
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111 the Hasan Abdal Hill the base of the Lower Nummulitic 
Limestone is marked by a bod ((> ft.) of ferraginous pisobtc and above 
this about (50 feet of soft nodular liincstoiio containing eciiinoids; 
tlicsc appear to belong to a new species of EckinolampaSy perhaps 
related to E. lepadifurmis D. & 8. In the Bajar Hill to the east a 
iVawiiVtw—unfortunately specilically unidcntiliable—was found from 
the echinoid zone. 

Dr. Cotter, in the course of his survey, noticed several erratic 
blocks; the largest, feet high, 10 feet long, and 0 feet wide, rested 
upon Triassic Limestone about miles cast of Campbeilpur. The 
block itself was of granite gneiss and must have travcdlcd from a 
considerable ili.stancc, perhaps from the north of Hazara. Erratics 
have been previously noticed by VVynne, Theobahl, and Middlemiss ; 

I he latter [Matt,. Gcol. Suro. hid.. XXVI, pp. 45, 40) supposes the 
erratics of the Potwar near Jhand to come trom a concealed ridge ol 
Crystallines hidden beneath later <l(iposits. This explanation will 
not suit the occurrence cast of Campbeilpur, and we are forced 
once more to consider the possibility of a glacial episode in the 
i^unjab. Dr. Cotter also noticed some deposits of unsorted material 
and boulder beds south of Dhok Cmre about 3 miles E. 8. E. ol 
Campbeilpur. 

If a glacial episode is the true oxfilanation, it must be sujiposcd 
that subsequent water action and denudation has all but obliU'rated 
its traces. No trace of U-shapetl valleys or of roc/ics nhoulonres 
remains today. 

Some minor corrections of Messrs. VVadia and Lahiii’s maps 
of last season (sheets 45 C/14, C/15, and C/ll) were made. 

The area geologically surveyed by Sub-Assistant H. M, Lahiri in 
lield-season 1926-27 lies mo.stly in the Ihndigheb but partly also 
in the Eatchjang tahsil of the Attock district and comprises the 
whole of Purvey sheet 43 C/7 and considerable portions of sheets 
43 0/2 and C/6. In 43 0/6, his work lay in continuing the surveys 
already made by Drs. JC. H. Pascoo and G. de P. Cotter. 

The geological font ations met with in sheet 13 0/6 are Murree 
beds, the Ohharat series, Lower Nummulitics, Giumal beds and 
Trias. The lithology is Bimilar to Dr. E. 11. Pascoo’s descriptions 
of the various formations in the Ohak Dalla arca^. The Triassic 


‘ Mvm. (Jeol. 3urv. Ind,, vol. XL, pi). 388—388 
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and Giumal be^ls occur as inlicrs in Lower Nummulitic limestone 
which constitutes tlie hulk of the Kala Chitta hills. The Triassic 
limestone is for the most part unfossiliferous. The ochreous 
limestones of the Giumals immediately underlying the Lower Num¬ 
mulitic limestone are in places highly fossilifcrous but the organic 
remains are mostly in the shape of shell-markings. Among the 
few identiliablc fossils collected are some specimens referable to 
Trigonia scahra Lam., a species also occurring in the Cretaceous 
beds of Soutlu'rn India. The fossiliferous ochi'eous limestone beds 
arc*- imderlaiji by some olive or greenish sandstone also of the Giumal 
sciiies. llelow this saiidslonc and overlying the unfossiliferous 
Triassic limestones is a thin bed which yielded a number of bivalves, 
belcmuites and ammonites, the last being mostly ill-preserved. 
Among th(‘ fossils is a largo bivalve which has been provisionally 
identified with Clenostreon 'pruboscidea Sow., a species occurring 
in the Lias of l^uropo. Another well-preserved bivalve is a (rVy- 
pluia, thought by Mr. Lahiri to be related to (L arcuata, another 
common species of the Nmopean Lias. Besides the bivalves, 
there are belemriitcs and ammonites which, when worked out, 
may throw further light on the age of this bed. The Murree beds 
exposed in the sheet belong mostly to the Basal and Lower stages 
of the series. Some mammalian remains were collected from 
these beds. One of these has been identified by Dr. G. E. 
Pilgrim sis Amphicyon shahbazi, a species also found in the 
Gaj of the Bugti hills. 

The whole of the southern half of Survey sheet 43 C/2 was sur¬ 
veyed. The major portion of this sheet is occupied by a sandy 
alluvium, outcrops of rocks being confined to the north-eastern 
corner and along the larger stream-co.irses in the western half of 
the sheet. The formations exposed are the Chharats and the 
Murree series. The Chharaf-s occur as narrow elongated inliera 
in the midst of Murree beds (Basal and Lower stages) which con¬ 
stitute the bulk of the hills to the north and north-west of Thalta 
(33" 35', 72" 13'). 

The geological formations mapped in Survey sheet 43 C/7 are 
the Murrees and the Siwaliks (Kamlial, Chinji and Middle Siwalik 
stages). The lithology of the beds is similar to that of the forma¬ 
tions in the contiguous sheet 43 C/ll, described in last year's 
report. All the beds from Murrees to Middle Siwaliks contain 
vertebrate remains. Fossil wood is not infrequently met with 
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in the Upper Miirree beds which occupy a large area in the 
northern half of the sheet. 

The general strike of the bcjds in sheet 43 C/7 is E.-W. and the 
dips mostly northerly. Thnjo successive strike-faults have be<m 
mapped in the slieet, in consequencii of which Upper Murreo beds 
liave been brought into juxtaposition with Basal or Lower »Siwalik 
beds to the south. These faults, with the exception of the most 
nortJierly one, are traceable along tJie whole width of the sheet. 
The most nortlu'rly fault which is the westerly continuation of the 
main fault observed last year as rumiing along the south flank and 
foot of the Khairi Murat Hill in sheet 43 CH, when followed 
westwards, is seen to die out at Nathial (33'^ 25'; 72“^ 24'), but re¬ 
appears again near the western margin ot the sheet. North of the 
laults, the beds have a general northerly dip. South of the most 
southerly of the faults, the Siwalik beds are expos()d tirst in a syn¬ 
clinal fold pitching east and then in the dome-structure of the Khaur 
anf-iclino. The Lower Siwalik beds of the western flank of the 
Khaur dome dip westwards beneath Middle Siwalik beds, occurring 
in a synclinal trough occupying the valley of the Sil river north and 
north-east of Pindighcb (sheet 43 C'b). 

Besides rcigular mapping, some revision work in the area sur¬ 
veyed last year, was also done during the season. 


Kajputaiia. 


During the field-season 1920-27 the Rajputana Party consisted of 
Dr. A. M. Heron (in charge), Mr. A. L. Coulson and Dr. S. K. Chat- 

terjee, Assistant (Superintendents, and Sub-Assis¬ 
tant B. C. Gupta. Mr. Coulson continued his 
survey of the Sirolii State, and the other members of the party 
worked in the Mewar (Udaijmr) State. 

In Mewar the undernoted 1-inch-to-J-mile sheets of the Central 
India and Rajputana Survey (old numbers) were worked on: 113 
(Dr. Chatterjee), 144 (Dr. H<*ron aiid Dr. Chatterjee), 145 (Dr. Heron, 
Dr. (hatterjee and Mr. Gupta), 146 (Mr. Gupta), 172 (Dr. Chatterjee 
and Mr. Gupta), 173 (Mr. Gupta) and 714 (Mr. Gupta). 

Mr Gupta’s work in Mewar was essentially preliminary mapping 
south-eastwards from Udaipui* City along the lino of unconformity 
at the base of the Delhi system, and then eastwards across the plain of 
central Mewar occupied l)y phyllites of the Aravalli system, granites 
and mixed gneisses. For the last six weeks of the season, he conti¬ 
nued Mr. E. J. Bradshaw’s mapping of the syucliues of the Jazarpur 
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iimJ l-iabalpiira hills ^ eastwards through Jaipur and Bundi State, 
ill sheet No. 205, to (heir termination. 


The nori-porphyritie, medium-grained, pink granite (the Bcracii 
granite) with secondary chlorite reiirescnting the ferro-magnesians, 
wliich oeeupH’s large areas of the plain in the neighbourhood oJ 
Chitorgarli,- is, in Dr. Heron’s opinion, identical with the Bnndel- 
Ixhand Gneiss ; this is in accordance with the views expressed in tlie 
Alanual of the Geology of India (p. 08). The Aravallis rest upon 
this with an (*r<wiou unconformity, and it is thus tlie oldest rock 
in Haj])utana. To the west this granite gradually becomes by 
pressure mctamorjihism, .i grey slabhy gneiss. J^’nrther to th(‘ nurtb, 
N. of LInwa ( ’ lirwas 21'’ 58' ; TO"' 15') is a large exposure ol 
the dark gr.'imt.c. gndss which is tlui dominant intrusive in the 
gneisaic plain of Ajmer and Ivishengarh. 

The southern edge of the Mewar plain forms part of the main 
watershed of India. The slope is very giuitle towards the iiorth- 
e.ist, in the direction oi tiic Gang('s valley ; to the south, the. lull 
idtiniately to the Gull of Gamliay is niucli sttrjicr and tiic*. coiintiv 
IS deeply dissec.ted, allording e.xctllent exposures, over a disi.,iiue 
ol more than 50 inilc.s across riie strike, of tli<- rocks which lorm 
the plain. These prcsiuit a typical “ gncissic coin|)lex ’ in which 
ignei)us i’odvs of stjvm'al types and tinu'S of intrusion, ai'c iiitimatr ly 
injected one with aiu>th(‘r and the whole ftnitc welded, wliile .stdi 
in a plastic state, into a streaky and banded comjiosite gneiss. 


The strike of the foliation varies from N.-S. to 


N.N.VV.-y.S.H, 


and its dip, in the east ol the tract, is westwards, and in the west, is 
eastwards. This does not howi'ver indicate a .synclinal disposition. 
Over certain areas in the western jiortion, the foliation is almost 
horizontal, but high angh^s approatliitig verticality arc the gruieral 
rule. 


Jii such a complex it is ddlicult to ascertain the relative age of tlie 
elements, as each iimy have reached its iiresent position at nior<‘ 
than one period, and also, througli pre.ssiire acting on a partly solid 
and partly unconsolidated association, niutmd intrusion in situ 
may have taken jilace, involving elemeiit.s of dihV^rent period. I’Jie 
under-noted succession can therefore be considered as only an 
approximation to the truth. 


‘ Rec, Qefll. Surv, Ind., LIX, pp. 104-5, 

* Rm. Oeol, tSurv. Ijtd,, LIX, p. 94, LX, pp. 110, 118. 
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The oldest member of the complex, in which all the others arc 
intrusive, is believed to be a gneissic granite, with biotite in about 
the same relative proportion to the other minerals as in an average 
granite. This occurs both in large masses almost free from latesr 
intrusions, and also as a composite gneiss with pegmatite and aplite 
in intimate interfoliar banding, Armind the borders of tJio intru¬ 
sion free masses in many cases occur which may be interprettul as 
sheets of the gneissic; granite detached by the; pegnjatite and aplite. 
Towards tJic east the; gneissic granite is cdlher absent, or has become 
less biotitic. In the latter case it is ]>roba)>le that its place is taken 
by a mcidiurn-graiued gi’anite, little; feiliaied anel poor in malic mine¬ 
rals ; this, however, may belong to the pc'gmatites and aplites, 
inte'rmediate in grain between them. It has a certain re'semblancc; 
te> the 13unde;ikl)aiid Clneiss, but this may be; puredy ae;eidejdal. In 
jilace-s u liju;-grabi<‘d, unfoliated graniic' carrying bie)tit;e occupie.'S large 
areas ; lids may be a line variety of the fumlamental gne;issic granite. 

Tin; ne*xt in age, a(;cordiiig to JJr. Heron, are probably the 
epidiorit(‘H and hen'ji})lenele; schists, resulting from the; me‘tamorp)iism 
of elederite; or other basic rocks. They are usually in large lenses 
anel Hhet;ts, parallel with the general foliation, though small-scale 
baiieling witli the other ch'ments occurs in a minor d(;gree. 

In general younger than these', but no doubt belonging to more 
than one period, are the pegmatites and aplites, which grade insen¬ 
sibly into each othcT. Unlike the post-Delhi pc'gmatites, these 
rarely contain toiuinalinc; or muscovite' and they arc; never so coarse 
nor in such large ))odies as the* ])ost-Delhi pegmatites. They all 
show markedly the- ('fl«‘c;ts of eoii4»rc*ssion, and ottcur, for the most 
part, as sheets parallel to the oliation, of all sizes from a width 
of many feet down to a few inches. With the gneissic granite, and 
to a less extf3nt with the; hornblende schists, they produce composite 
gneisses of very variable aspect. 

Last of all are the cpiartz veins. l?i the present area. Dr. Heron 
remarks, they arc the only intruvsives which penetrate, the; overlying 
outliers of Delhis and the Aravalli phyllitcs. Quartz veins have 
probably accompanied all the acid rocks, but those in the sedimentai-y 
series are of course of a much later I'poch than those, coeval with 
the igneous rocks of the complex, from the denudation products of 
which the sediraentaries were laid down. 

To the east the Aravalli phyllitcs rest upon the rocks of the com¬ 
plex with what appears to be an erosion uucemformity, from the 
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ovidence of the einglo Hoction which Dr. Heron has ])oen able to find 
so far. To the west th(* main syncline of the Delhi .system, with a* 
clear erosion uiKionformit}' at its base, .s<*veral outliers of the Delhi 
system (probably of the. Itaialo series) are dispo.sed in two elong¬ 
ated Lsoelinal synelin(‘s, miming north and south, not usually more 
than a mile wide, aiul on(‘ of them has been map]x;d by Dr. (hat- 
terjee and Mr. B. (1. Dupta at intervals l(»r mori' than 30 miles along 
the .strike. At Hhindar (2r 30': 7d' 11'), on thi.s .syncline, basal 
grits and arkose, derived from the guei.s.ses, indicate the uncon¬ 
formity. 

The rehitioiishij) ol the Buiidelkhaud (.}iieis.s to the mixed gneisses 
of the e.omplex is not yel, known, as it ha.s so far not been found in 
conta.et with them. 

Tlu'- unconformity at fhe l)a,se of the Delhi system has this year 
be<m traci’d, in a geiu'ral way, to the .southern frontier of Me war, 
though much detailed work ha.s still to be done in the coming 
ficld-sca.son. 

The tract of <‘omplicate<l folding and faulting north of Ddaipiir 
City ha.s yielded important re.sults. It is found that the Hajnagar 
marble,* with the .schists and basal ([uart/.ite Ixdow it and other 
sch sts above it, emerges from below the, liasal conglomerates of the 
main Delhi .synclirn;, and outliers of these lamglomerates rest both 
upon the marble and the a.s.soci:i,f.ed schists, and upon the mixed 
gneis.ses which unconformably nndmlic fhe, marble .series. 

As Dr. Iferoti points out. there is thu.s a double erosion unconform¬ 
ity, the Hajnagar marble with its associated schi.st.s and basal 
quartzite resting upon tlu' mixed gmusses, and the b^isal conglomerates 
and quartzites of the main Delhi .syncline overlapping both. 

There is little doubt that the Hajnagar marble and its as.sociate8 
arc identical with the white dolomitic limc.stone of the Jazarpur 
and Sabalpura hills, and of the Pur-Banera ranges, of Sawar 
in the extreme south of the Ajmer district,'■* and of numerous other 
small outlicir.s scattered over the (jentral plain. 

In Dr. Heron's (quniori the correlation may with safety bo carried 
still further, to link up with the Kaialo limestone and quartzite, 
which in the south of the Alwar .state locally intervenes between 
the base of the Alwar .series and the underlying granite.** 

‘ Jiec, Qeul. iiurv. Ind., LX, pp. 110-1. 

® JifC. (Jt'ol, auro. Ind., LX, pp. 117-9. 

8 Menu aeol. Surv. Ind., XLV, pfc. 1, pp. 23-8. 
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En Alwar tht; Alwai Heries and the Haialo .series appear to bo 
conformable, as there is no visible discordance of bedding, but the 
lowest beds in the Alwar.s are conglomerates, indicating surface 
conditions and a break in the succession and the unconformity 
is })robably ])rescnt ln‘re al.'a>. 

Jn Jodhpur State, on the other side of the great Delhi synchiic, 
Mr. Tipper and Dr. Heron mapi>ed extensive deposits of crystalline 
linie,.stoncs which have, a shnilar relationship with the Delhis and 
the basement of giu'iss, and these may now be ccpialed, with more 
than probability, with the Itaialo lime.stone and the Rajnagar 
marble.- Further, th<‘ I’clebrated Makrana marble, which litholo¬ 
gically is very sijiiilar to the Raialo limestone, lies along the strike 
of the Ras limeHtx)jJcs, though .scpaTat(!<l from them by many miles 
of alluvium an<l blown sand, and is considered liy Mr. Tipper to be a 
continuation of them. 

A wide-spread, but quite probable, correlation is thus advocated 
Ixitween all these occurrences of white dolomitic bmestonc in Raj- 
putaiia, bringing them all under the Raialo limestone. As, in 
Mew'ar, the limestone has both above and below it, considerable 
thicknesses of other rocks, the association may be termed the Raialo 
series, and may provi.sionally be considered ns the lowest division 
of the Delhi system, separated from the Ahvar series by a distinct 
unconformity, which, however, is not of such a magnitude as the 
profound unconformity between the Delhi and the Aravalli systems. 

At the beginning of the season Mr. (Joulson was engaged on 
water-isupply questions at J)abhcji-J ungshahi (North-Western Ry.), 
Tirth Laki and Gopang in Sind, and, while on his return from 
Sirohi to headquarter.^, investigated the water-supply of Jhansi. 

About 455 square miles of Sirohi State were geologically mapped 
during the season, on the J -inch-lo-l mile Central India and Raj- 
putana Survey sheets 77, 1)5, 96, 97 and 120 (old number.s); this 

is in continuation of the previous season’s tield-work. 

The sedimentary rocks present consist of limestones and calcic 
rocks, mica-schists, phyllites and slates, and quartzites, and these 
are highly metamorphosed and profusely intruded by igneous rocks. 
In the hilly country to the south-east of Abu Road Railway Station, 
these sedimentary metamorphics arc s(icn to be thrown into isoclines 

‘ Loc, cii., pp. 48-60. 

* Rec, tfeoi. Surv. Ini., LVI, p. 62 . 
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and ovfi’lolda. The quartzite to the south-caat of Uandia CJadh (24'^ 
2ij': 72- hi') j.s faulted into juxtaj>osition with the limcatone ou the 
former's iiortlu'in and eastern boundaries, and brecciation has taken 
place along the junction between mica-schists and limestone from 
Abu Koad, south-eastwards. 

The Erinpura granite, which has been ilest^ibed in last year’s 
tleneral Iteport,^ stretches south-west from the waanif of Mount Abu 
jjito ralanpur State, where it forms the high Jaira hills. Mica- 
schists are lound fis j>utehes surrounded by granite and represent 
portions of the roof ol tlie great bathylith. 

A large mass of a youJiger granite occurs in the south-i'astern 
corner ol the state, where it a<ljoins the Idar and Danta states. 
Mineralogieally this is very similar to the Isri ^ and Waloria ^ 
granites and is thus probably to be referred to the Jalor granite of 
EaTouche. 

In the south-w'est(;rn area of Sirohi State, especially near Eadar 
(24*’ : 72'^ 1)1') numerous dykes, striking E.—W., form a net¬ 

work w'illi the schists and limestones striking N. E.—W. They 
cut the (piarlz (jx'gniatilic) veins from the Erinpura granite, and arc 
til us younger Ilian it, and may be jirovisionally consuleri'd us hy- 
pabyssal feeders ol the Malani rliyolites. Miueralogit^ally they 
aie com]H)sed ol .'.criciti.sed [lota.di lelspar, liorublende, a little <piartz, 
and a. varying amount of iron-on*, and are rath(‘r basic microgranites, 
the liiui-grained equivalents of tlu; Jsri (Jalor) granite to the nortlieast. 

Two oi:eui'ieiu‘i's of an interesting rock new to this area were 
noted 011(5 mile south-east of Karari (Abu Koad Kailway Station) 
and at Chaudrawati (21“ 20': 72“ 47'); this varies from almost a 
troctolite (olivine and labradoritc) to an olivine-gabbro (olivine, 
titanil’erous augite and labradorite. 


KIliLIOGRAPHY. 

Tin; following pa]>ers dealing with Indian g(5ology and minerals 
were published during the year 1927:— 

Adams, F. J). . . .A Visit to the (Je.ru Districts of Ceylon 

and Burma. Trans. Canad. Inst. 
Mining M^allurgy, XXIX, 1-34. 
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ACTIN() 1 X)N RISINHNSIS, N. SP. IN THIi LOWRU GONDWANAS 

ofVihi District, Kashmir, hy D. N. Assist¬ 

ant Sitperinicudcnfy Geolof^ual Sifmi'' of India, anh 
W. E. SwiNTON, British ^nscnin, London} (With 
Plate I.) 

The present fossil was found in a small outcrop of Lower Gondwana 
rooks near the Risin hamlet (U wdle K.N.E. of Zewan, Vihi dis¬ 
trict, Kashmir), not far from the site from 
nir<i(uUi>ii. which Nociling ol>tained plant and vertebrate 

fossils in 1902 (described by Seward and Woodward in Pfxl. hut,., 
New Series, Vol. JI, Mem. 2, 1905). The AHiimJotb skull occurs 
in association with numerous remains of fossil Ganoid lish and 
j)teridospermous plants in a scries of beds of r<^markable petro¬ 
graphic constitution, which look exactly iik(‘, ainl have hitherto 
txien described as bla(;k c:i,rbonac(‘()us shales, but which in reality 
are extremely pure glassy volcanic tuffs, finely lamiuabxl for the 
most part. 

The injportance of the present find, besides the purely palteon- 
tological interest, lies in the association of indubitable Lower Gond¬ 
wana fossils with a rock-group of this jxxailiar fithology, a circum¬ 
stance which lielps in fixing an import.ant stratigrapliic-al horizon in 
the Punjab range of the mid<lle Himalaya. For a similar group of 
volcanic glassy tuffs and slate,s occurs conformably at the base of a 
very thick scries of unfossiliferous coarse sediments, along tluj S.W. 
ilaiik of the Pir Panjal; this latter series htis been, on various 
grounds, ascribed to the Lower Gondwana by one of the present 
writers,- but positive evidence was lacking as the series did not yield a 
single indubitable fossil plant or animal. 

The stratigraphical sequence in the Pir Panjal recalls in its main 
elements that in the Vihi district and, as Middlemiss’ work has 
tended to prove, occurs in fact in the south-western limb of tht'. geosync¬ 
linal of the Kashmir valley.® The occurrence, therefore, of the present 


’ Tbe stratigraphical account in the above paper is written by Mr. Wa<iia who 
(‘olloctod tho fossil; tlio palaeontological description is by Mr. Swintori. 

® Afem. Gfol. Surv. hid., VoL LI, Pt. 2. 

“ Jtec, Geol. Surv, Jnd., Vol. XL, Pt. 3 ; and Rec. Oed. Sutv. Ind., Vol. XXXVIf, Pt. 4 . 




142 


Ttfconh of the Gcnhffiml Sun^py of India. f VoL. IjXT. 


f()88il in ii roclv-.s<M U-*s of thi.s pmiiiar iiat/nro in Vilil (.‘8lii})lislK‘s, with 
ivasonablo iii>i)roxiumtion, the Lower Gondwana age of the I^ir 
l^aiijal sedinjenta, which overlie it with perfect conformity, but 
which in all other reapecita are unlike the V"ihi sediments. For, 
while in the Vihi aT(‘a the overlying Gondwanaa arc barely 50 feet 
thick and are composed (»f tine-grained silie.eons sliales with limestoues. 
the Panjal Gondwanas are composed of coarse conglomerates, 
sandstones, and sandy shah's, over 5,000 feet in thickness. 

The following section, pieced t,og(‘ther from the closely adjaci'iit 
Kisin and Zewan outcrops (situated about 1 mile apart, along the 

same strike^line) gives the. strotigraphical relations 
of the fossil locality : 


StriUl'^raphy. 


Strike tu IS'.E. J3i{) ;i0®. 


ZoAvan utago (I’crnio-C'arboiii- 


(liuigaiiiujitoria l)v«ls 
( ('arbonifiTon'*). 


f Suiuly, tbick-bedded, grey Umostonc 
J with Atkyris, Produclus, Protoretepora, 

'j etc., allowing rapid but ijcrfectly coii- 
t form able passage into 
^ Jtense, blaek, slaty tuff (grey or buff on 
exposure) containing many plants, fish, 
Archcgosaurv^i, Aclinodon. 

Thin lontienlar limestono and ohert bands 
' lilaclc flaggy and laminated glassy tuffs, ririg- 
I ing under the hninmer, with (Janyamoptcrii 

I only ....... 

Black, coarsely crystallised limestone, showing 
metasomiitic change into flint 
^ Green siliceous shales .... 


100 feet 
10 .. 


20 




4 „ 
3 


Panjal Trap (Upper Carboui- ■) 
ferous). i 


Amygdaloidal bedded basic lava flows . 


Conformity 


The fossil fishes belong to tlie genu.s Amblypterus—Afttblypterus 
kashmirensis A. S. W., Amblypterus symmetricus A. S. W., Amblypterus 
sp. indet.“ and consist of impressions of cranial, abdominal and 
caudal regions with recognisable elements of the skulls and limbs. 

The plant remains associated with the Actinodon are:— 


Ganyamopleris hush mirensis, 
Gangamopteris sp. 
Glossopieris Mica. 
Vertebraria Mica. 
CaUipteridium sp. 

Cordaites sp. 

PsygmophyUum sp. 

Ginkgo sp. 
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The chief fossiliferous zone is matii* up of the upper tuffs which are 
exposed in a series of small dip-slopes over the whole length of the 
hill-face, the dip of the beds—about 30"’ corresponding with the 
slope of the latter. The lower tuffs have so far yielded only frag¬ 
ments of Gan^mnopteris leaves. Botli these tuffs have been hitherto 
spoken of as carboiuicc'ous shales, Ihe presence of jdants being as¬ 
sumed as sufficient evidence of the carbon cojiteut. But there 
is neithcu’ clay nor carbon in them, as a microscopic examination 
shows. Tlio ro<h is wholly composed of glass partich‘s witli a few 
tiny crystals of felspars. The black colour is due to iron and 
bleaches rapidly on all <‘X])osod j»arts. The rock gelatinises easily 
with a<‘ids and sj)lintcrs on the application of heat. 

The rapid but perhjctly (toufoTmablc passage of th(‘ tuffs into 
tlie Prodwr/MS-bearing limestone of the Z(‘,waii stage is conelusive 
evidence of the Up})er Carboniferous age of Avliimion ri.sinmsis. 

The specimen consists of a piece of matrix bearing the impres¬ 
sion of the greater part of the upper surface of a Stegoce})halian 

Pal.ToiUrtlovM'cal skull. The skull has been slightly flattened 
accouiU. and traces of the mandibles with teetli are 

observable on its lateral borders. About Jialf of the [)ost-orbital 
region and the tip of the snout are missing. .Oesjiite this the con¬ 
dition of the features preserved is sufficient to indicate that the spe¬ 
cies is now. The general pro])ortiona are very similar to those of 
Aclinodon, to which genus avo propose to refer the .sj)ecunen. This 
genus was established in 1867 by (JIaudry {Nouv. Arch, du Mus. 
Paris, 18(>7, Vol. iii, p. 23) for some material from Autnii to which, 
however, he gave no spc(;ific name. In the same paper {loc. cit.. 
p. 31) he drew attention to the similarity between Aclinodon and 
Archeffosaurus Uuirostris and figured the latter as Aclinodon latiroslnn. 
which, accordingly, became the type species, although later French 
writers overlook it as such. Gaudry subsequently established tlie 
forms, A. frossardi {Bull. Soc. Geol. de France, 1868) and A. Irrcvin 
(Lea Enchainements dii monde animal—fossiles primaires, Paris, 1883, 
p. 266). In 1910 Thevenin {Ann. de PataeonL, 1910, Tome V, 
fasc. 1) redescribed and figured the two latter forms and showed 
that they represent different growth stages of a single species. 
The new specimen is closely similar in size to the Aclinodon brevis 
stage but various features prevent its reference to any growth stage 
of the type species. From the locality of its occurrence we propose 
to name it Actinodon risinensis. 
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Genua: ACTINODON Gaudry. 

A(!T1N0I)()N ItlSlNKNSiS, ap. nov. 

/>?V////jo.s7!.s‘.—(S kull aliglitly longer than broad with the lateral 
bordera more convex than in the type- speci(;a; orbits comparatively 
large an<l in the middle of its h'ngih the scpiamosal much narrower 
than in yl. luliroslris ; .s(piamosal border of the otic notch running 
ni(>re baekwardly. hVonbej>arietal suture anteriorly place<l. 

Mdlerial. Jin])res.sion of the gn'atc'r part of thf up])(^r surfaces of 
the skull. ]Ioh>type. Jn the collection of the G<5ologioal Survey 
of India. 

Horizon and iV.rmo-Garboniferous basal Gondwana. 

/ewan (Spur, Vihi, Kashmir, India. 
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Desvriflion.- n'gion of the skull postt*rior to a line joining 
the hinder borders of tlui left s(juamosal and the, right orbit is mis¬ 
sing, as also is the tip of the snout with the left narial opening. The 
impr(*8sion of the greater part of the skull is, however, (piitc well 
preserved. In general size and shajx^ it closely resembles A. Irrcvis 
although the lateral borders of the skull are more convex than in 
that form and resemble those of A. frossardi. The wliolc surface 
is covered with a fine ornaruentution in the form of small rounded 
pits, which occiisionally- niul especially in the nasals- show a radial 
arrangtunent. The m])ression of the left squamosal is complete 
and is chiefly remarkable foi* its narrowness, being little more than 
half the width of that of A. brevis. The squamosal border of the- 
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Wadi A: Aclinodon Eisimmis. 


145 


oti(3 notch irt, and the notch itself appears to be, directed more 
backwards and to a less ch’.grco outwards than in the ty})c species. 
The n'.maining bones of the skull call for no detailed description. 
The sutures arc discernable with some clearness on treating the 
impression with a solution of (.'anada balsam in xylol and are re¬ 
produced as far us traceable in bguro 1, IMate 1. The parietal bone is 
comparatively large, the fronto-])arictal suture being placed further 
forwards than in the figures of A. frossariU or A. bn vis, Jn Th(!venin’s 
ligiire of A. frossanli tin; suture is prac-tically coincident with the 
hue joining the posterior borders of the orbits. The parietal 
foramen is circular with a diameter of 3 imn. The orbits, situated 
in the middle of the length, are ovate and have their long axis parallel 
to tin*. lat('ral bord(‘rs of the- cninium. They are comparatively 
large, their length being approximately two-ninths of the maximum 
length of the sliull as against two-elevenths in the case of A, brevis. 
The unpression of the right naris is completely preserved and is 
comparat ively large; it is close to the rostral border and has its 
long axis direct(‘d forwards and inwards. The characters of the 
maiulible an* wt*ll seen in a (‘ust made from the impression and arc 
closrly similar to those ligured for the type species. Tlie teeth 
are narrowly conical and nnsisure about 4 mm. in length. The 
remaining features to be s(‘(m in the specimen are quil,e similar 
to those- of tlic skulls d(*scrib(*d by Gaudry and Theveiiin and call 
for no further (h^scription. 

Thii occurnmeo of this n<nv form in the locality which luis already 
yielded the remains deseribeil as Arcluyosaanis ornulus by Smilh 
Woodward {Pal. liuliat, Ne-w Series, Vol. 11, Mem. 2, p. 13) is 
interesting and it is to be hojied that further specimens from this 
stegociqdialiau fauna will be forthcoming. 


EXPLANATION OP PLA I E 

PliATK 1. Adifi 'lion, ri.iirun.si.'i, sp. nev. Up|»or Hurfacin of tlio skull as 
tliuwii fo)iii the proasiou, natural .si/o. The hroktui lino iiulicaUja n^sl-ored 
portioiirt. Sip ^HquiuiD-n.!; Au.r=;ivu<lUory uoteh; Pa.--pvriotai; P. f.:r= 
paiieUl furamuri; Fr.-- frontal ; Orh.^oi'bil; Na.t^isiuisal ; Nai'.~=tmrial 
a[K)rtiii'o. 



14C 


Records of the Geological Survey cf India. [ VoL. LXl. 


MISCfiLLANEOUS NOTE. 


Further Note on the Nomenclature ot liollandite. 


Ill a paper ^ publishod .some years ago I proposed the institution of a 
new grouj) of minerals to inelude the erystalline mineral liollandite, its 
amorphous form psiloinelunc, and coronaditc, a fibrous mineral described 
by W. Liudgren and W. F. Hillobrand, from the Clifton-Morenci copper 
area of Arizona, United States of America, the last-named mineral being 
regarded by me as a manganese-lead maiiganate, instead of as a manganito, 
as thought by the authors of the term. In a later paper'* recognition was 
accorded to Prof. Lacroix' term romaneehite, applied to the mineral obtain¬ 
ed from Komau^chc in Central France, and it was shown that romaneehite 
could be suitably recognised as one variety of hollandite, if again it were 
regarded as a manganate, instead of as a manganito as intcrpreteil by the 
author. 

A discussion of the nomenclature of the.se minerals was summarised 
in the following statement:— 


Pb luw or absent 7 u n i-i, 
Ba W to high J HolIa»a.te 

KoUandite Group 

I ^ j. 1 ) Coronadite 

[ Ba absent or low '■ 


''High in HjO 7 
j Low in PcjOj ) 


Boman^ehitc. 


Low in HjO Hollandite 
l^lligh in Fo^jOj ) sensii sir. 


At this stage the problem remained until 1923, ® w’hen Ernest E. P’air- 
banks published the results of a microchemical study of polished sections of 
coronadite, romaneehite, and hollandite. These tests showed that both 
coronadite and romaneehite are mixtures of hollandite with an unidentified 
finely disseminated constituent. 

The results of this work simplify greatly our nomenclature; for although 
the work of Fairbanks does not tell us whether the high lead contents of coro¬ 
nadite is contained in the hollandite or in the other mineral present, it enables 
us to reject the name as that of a mineral species. The same remark ap¬ 
plies to romaneehite, and we can now with confidence use the term hollandite 
as a comprehensive term for all the known varieties of crystalline manganates. 
It will be time enough to admit varieties or sub-species of hollandite, when 
satisfactory chemical evidence of the existence of varieties of unusual com¬ 
position is forthcoming. 


L. L. Fbbmob. 


» Rec. Oeol. Surv. Jnd., XXXVI, pp. 295-300, (1008). 

* ‘On the Crystallography and Nomenclature of Hollandite'. Rec, Oeai, 8wrv. Ind., 
XLVIII, pp. 103-120, (1917). 

* * Micrographio Notes on Manganese Minerals’. Amer. Mineraloaistf VoL 8, p. 209, 
(1923). 
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